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ABSTRACT
F ine  m ercury w h isk e rs  have been  grown from th e  vapour on a  c o ld  
g la s s  s u b s t r a t e .  These w h isk e rs  a t t a in e d  a  le n g th  o f  ab o u t 1 mm.
E le c tro n  m icroscopy re v e a le d  t h a t  t h i s  ty p e  o f  c r y s t a l  has a  sq u a re  
c ro s s  s e c t io n  bounded by th e  {011} and {110} p la n e s .
M ercury p l a t e l e t s  were a l s o  grown from th e  vapour by a s im i la r  
m ethod. O p tic a l  m icroscopy showed t h a t  th e se  p l a t e l e t s  have two d i f f e r e n t  
sh ap es : rhombus and p a ra l le lo g ra m  shaped  c r y s t a l s  w ere o b se rv e d . E le c tro n  
m icroscopy showed t h a t  th e  rhombus shaped  c r y s t a l s  have a  l a t e r a l  fa c e  
p a r a l l e l  to  th e  {111} p la n e 5 w hich i s  th e  c l o s e s t  packed  p la n e  in  
m ercury ; th e  p a ra l le lo g ra m  shaped c r y s t a l s  were found to  have a l a t e r a l  
fa c e  p a r a l l e l  to  th e  {011} p la n e  in  m ercury .
The as-grow n p l a t e l e t s  were found to  be to o  th ic k  f o r  t r a n s m is s io n  
e le c t r o n  m icro sco p y9 so  th e y  had to  be  deform ed in  o rd e r  t o  red u ce  t h e i r  
th ic k n e s s .  The deform ed c r y s t a l s  r e v e a le d  some very  i n t e r e s t i n g  f e a tu r e s  
from which v a lu a b le  in fo rm a tio n  on th e  d e f e c ts  s t r u c t u r e  in  m ercury was 
o b ta in e d .
The th ic k n e s s  o f  th e  deform ed c r y s t a l s  was m easured and e r r o r s  have 
been  found in  p re v io u s ly  p u b lish e d  in v e s t ig a t io n s .
S ta c k in g  f a u l t s  in  s o l i d i f i e d  m ercury were o b serv ed  and found to  l i e  
on th e  c l o s e s t  packed  p la n e  h av in g  e i t h e r  th e  [O il]  d i r e c t io n  o r  th e  [110] 
d i r e c t io n .  The s l i p  mode o f  c r y s t a l l i n e  m ercury n e a r  i t s  m e l t i n g  p o in t  
was s tu d ie d  by th e  o b s e rv a tio n  o f  t r a c e s  in  th e  f o i l s 9 th e  s l i p  e lem en ts  
were found to  be {111} <011> and { i l l }  <110>. D is lo c a t io n  ne tw o rk s have 
been  o b se rv ed  and th e  in v e s t ig a t io n s  c a r r i e d  o u t s u g g e s t t h a t  th e
d is lo c a t io n  in t e r a c t io n  co u ld  r e p r e s e n t  th e  fo llo w in g  ty p e  o f  r e a c t io n ;
J[no] + it +H011].
I t  was n o t  p o s s ib le  to  have a th in  enough c r y s t a l  w ith  a  l a t e r a l  
fa c e  p a r a l l e l  to  th e  ( 110) p la n e  even a f t e r  d e fo rm atio n  and t h i s  
in d ic a te d  t h a t  th e  p a ra l le lo g ra m  shaped  specim ens were th i c k e r  th a n  th e  
rhom boid sp ec im en s . A ll  th e  d i f f r a c t i o n  p a t t e r n s  o b ta in e d  from  them 
showed d i s t i n c t i v e  <110> s t r e a k s  coming from s ta c k in g  f a u l t s  ly in g  on th e  
{111} p la n e  w hich i s  p e rp e n d ic u la r  on th e  {110} p la n e .
E r ro rs  have been found in  p u b lis h e d  ta b le s  o f  in t e r p l a n a r  sp a c in g s  
f o r  th e  m ercury l a t t i c e  and c o r re c te d  v a lu e s  a re  in c lu d e d  in  t a b l e  2.1 
and d is c u s s e d  in  Appendix I .
E le c tro n  m icroscopy o f  c r y s t a l l i n e  e th y l  a lc o h o l showed t h a t  i t s  
s t r u c t u r e  i s  c o n s is te n t  w ith  th e  f a c e -c e n tr e d  cu b ic  s t r u c t u r e ,  w ith  a
o
l a t t i c e  p a ram e te r  o f  3 .29 ± 0 .0 2  A.
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CHAPTER 1 -  INTRODUCTION
1 .1 .  In tro d u c to ry  Remarks
M ercury c r y s t a l l i z e s  a t  2 3 4 .2 °K in  th e  f a c e -c e n tr e d  rhom bohedral 
system  o f  a x i a l  a n g le  a o f  9 8 ° 2 iJ . One atom i s  s i t u a t e d  a t  each  l a t t i c e  
p o i n t s so  t h a t  th e  u n i t  c e l l  may be c o n s id e re d  to  be a f a c e - c e n t r e d  cube 
com pressed a lo n g  th e  [ 111] d i r e c t i o n .
A s e r i e s  o f  e x p e rim e n ta l in v e s t ig a t io n s  a t  th e  U n iv e r s i ty  o f  S u rrey  
has d em o n stra ted  t h a t  th e  d e fo rm a tio n  modes o f  c r y s t a l l i n e  m ercury  e x h ib i t  
many u n u su a l c h a r a c t e r i s t i c s .  These in v e s t ig a t io n s  em phasized th e  need 
f o r  d i r e c t  o b s e rv a tio n  o f  th e  d e f e c t  s t r u c t u r e  o f  m ercury by tra n s m is s io n  
e le c t r o n  m icroscopy  o r  X -ray  to p o g rap h y .
E le c tro n  m icroscopy  o f  c r y s t a l l i n e  m ercury has n o t  been  u n d e rta k en  
b e fo re  b ecau se  o f  th e  obv ious e x p e rim e n ta l d i f f i c u l t i e s *  b u t i f  th e s e  
can be surm ounted th e  r e s u l t s  sh o u ld  p ro v id e  v a lu a b le  in fo rm a tio n  n o t 
o n ly  o f  th e  g row n-in  d e f e c t  s t r u c t u r e  b u t a l s o  th e  c o n t r ib u t io n  o f  th e  
l a t t i c e  d e f e c ts  to  th e  d e fo rm a tio n  p ro c e s s e s .
1 .2  The Geometry o f  C r y s ta l l in e  M ercury
The c r y s t a l  s t r u c t u r e  o f  m ercury  i s  m ost c o n v e n ie n tly  r e f e r r e d  to  
th e  f a c e -c e n tr e d  rhom bohedral u n i t  c e l l 9 ( B a r r e t t  1952.) shown in  F ig . 1 .1 .  
The s t r u c t u r e  b e lo n g s to  th e  c r y s t a l  c l a s s  3m; th u s  th e  u n i t  c e l l  has 
th r e e  { 110} m irro r  p la n e s  in  a d d i t io n  to  th e  [ i l l ]  th r e e  f o ld  a x i s ,  P la n e s  
and d i r e c t io n  in  th e  f a c e -c e n tr e d  rhom bohedral a re  a l s o  shown in  F ig . 1 .1 .  
A ngles betw een p la n e s  and d i r e c t io n s  have been computed by Bacon (1963) 
f o r  th e  m ercury u n i t  c e l l .  Those r e s u l t s  were used  to  o b ta in  th e
-  2 -
o r ie n t a t i o n s  o f  m ercury p l a t e l e t s  by th e  c o n s tru c t io n  o f  th e  r e c ip r o c a l  
l a t t i c e  s e c t io n s  o f  d i f f e r e n t  p la n e s  o f  th e  m ercury s t r u c t u r e  a s  w i l l  be 
shown in  C hap ter I I I .
A consequence o f  th e  rhom bohedral symmetry i s  t h a t  a p a r t  from  th e  
[ i l l ]  d i r e c t io n  and d i r e c t io n s  c o n ta in e d  in  th e  ( 111) p la n e * d i r e c t io n s  a re  
n o t a t  r i g h t  a n g le s  to  p la n e s  w ith  th e  same in d ic e s  and a l s o  a  change in  th e  
s ig n  o f  an  index  does n o t p roduce a c r y s ta l lo g r a p h ic a l ly  e q u iv a le n t  p la n e  
o r  d i r e c t i o n .  I f  th e  c o s in e  o f  th e  a x i a l  a n g le  ( a )  o f  th e  f a c e -c e n tr e d  
rhom bohedral c e l l  i s  deno ted  by C3 th e n  f o r  m ercury C = -  : th u s  t h i s
s t r u c t u r e  i s  very  s im i la r  to  th e  m ercury  s t r u c t u r e  and i t  h as  s e v e r a l  
i n t e r e s t i n g  c r y s ta l lo g r a p h ic  p r o p e r t i e s .  The pack in g  o f  s e v e r a l  c r y s t a l l o ­
g r a p h ic a l ly  d i s s im i la r  p la n e s  a r e  e q u a l e .g .  th e  ( 111) p la n e  and {100} 
ty p e  p la n e s  have th e  same pack in g  d e n s i ty .  A nother p ro p e r ty  o f  th e  
C = -  y  s t r u c tu r e  i s  th e  f o u r - f o ld  s ta c k in g  sequence o f  th e  c l o s e s t  
packed p la n e s 9 th e  { 111} p la n e s .
1 .3  P rev io u s  Work
Andrade and H utchings (1935) in v e s t ig a te d  th e  d e fo rm a tio n  modes o f  
c r y s t a l l i n e  m ercury and t r i e d  to  deduce th e  s l i p  and tw in n in g  p la n e s  by 
m easuring  a n g le s  betw een p a i r s  o f  s u r fa c e  t r a c e s  on c y l i n d r i c a l  s in g le  
specijnens. The r e p o r te d  {001} <110> s l i p  i s  anom alous s in c e  c r y s t a l l o -  
g rap liic  s l i p  in  m e ta ls  i s  u s u a l ly  c o n fin e d  to  th e  c l o s e s t  packed  p la n e s .  
However F is h e r  (1943) su g g e s te d  t h a t  th e s e  r e s u l t s  may be i n t e r p r e t e d  a s  
s l i p  on th e  c lo se  packed  (111) p la n e . T h is  was confirm ed  by C rocker e t  
a l  (1 9 6 3 )9 3 e v is  e t  a l  (1964) and R id e r and H eckscher (1 9 6 6 ) . Hence th e  
assignm en t o f  in d ic e s  to  th e  d e fo rm a tio n  modes by Andrade and H u tch in g s 
was in c o r r e c t  and th e  t r u e  modes a r e  more complex th a n  e n v isa g e d  by them .
-  3 -
They a l s o  observ ed  t h a t  m ercury tw inned  p ro fu s e ly  and r e p o r te d  th e  
co m p o sitio n  p la n e  o f  th e  tw in s  to  be {110}. These p la n e s  a r e  m ir ro r  
p la n e s  in  c u b ic  c r y s t a l s ,  and can n o t a c t  a s  d e fo rm a tio n  tw in n in g  p la n e s .  
However th e  rhom bohedral d i s t o r t i o n  o f  m ercury does a llo w  {110} tw in s  
and C rocker (1965) h as  shown t h a t  th e  a s s o c ia te d  s h e a r  s t r a i n  would be
0 .4 6 . A lthough th e  m agnitude o f  t h i s  sh e a r  i s  l a r g e r  th a n  th a t  f o r  
cu b ic  c r y s t a l s ,  i t  i s  th e  s m a l le s t  w hich r e s to r e s  th e  rhom bohedral 
s t r u c t u r e  in  a  tw in  o r i e n t a t i o n  which in v o lv e s  no a tom ic  s h u f f l e s .  T h is  
tw in n in g  mode i s  th e  same a s  t h a t  e s ta b l i s h e d  in  th e  o th e r  rhom bohedra l 
m etals (B ism uth , Antimony and A rse n ic )  (H a ll  1 9 54 ), a lth o u g h  th e s e  m e ta ls  
have rhom bohedral a n g le s  w hich a r e  much c lo s e r  to  90° so  t h a t  th e  m agnitude 
o f  th e  tw in n in g  sh e a rs  a re  a p p re c ia b ly  sm a lle r  th a n  th o s e  f o r  m ercury .
A lso  l i k e  th e  c lo se  packed hexagonal m e ta ls  th e y  have ti^o atom s a t  each  
l a t t i c e  p o in t  so t h a t  a tom ic  s h u f f l in g  must accompany th e  m acroscop ic  
tw in n in g  p la n e  and th e  a s s o c ia te d  {001} c o n ju g a te  tw in n in g  p la n e ,  (H a ll  
1954) which has th e  same sh e a r  m agnitude and can be used  to  e x p la in  why 
{OQl} tw in s  a re  n o t o b se rv ed . But in  th e  ca se  o f  m ercu ry , w ith  one atom 
a t  each  l a t t i c e  p o in t ,  no s h u f f le s  a r e  n e c e ssa ry  so t h a t  tw in s  on b o th  
{110} and {001} p la n e s  a re  e x p e c te d . C rocker e t  a l  (1963) con firm ed  
F i s h e r ’s i n t e r p r e t a t i o n s  and concluded  t h a t  th e  { i l l }  p la n e s  w hich 
c o n ta in  two c lo s e  packed d i r e c t io n s  o f  th e  form  <110> a r e  more c lo s e ly  
packed th a n  th e  {001} p la n e s  which o n ly  c o n ta in  one o f  th e s e  d i r e c t i o n s  
F ig .  1 . 1 . '
R id e r  and H eckscher (1966) d e te rm in ed  e x p e r im e n ta lly  th e  s l i p  
modes in  s in g le  c r y s t a l s  o f  m ercury deform ed in  te n s io n  a t  203°K and 
90°K u s in g  te c h n iq u e s  o f  s l i p  l i n e  o b s e rv a tio n s  and Xrr a Y d i f f r a c t i o n .
-  4 -
They have found t h a t  a t  b o th  te m p e ra tu re s  th e  s l i p  p la n e  was {111}; a t  
203°K some c r y s t a l s  s l ip p e d  in  th e  <110> d i r e c t io n s  and th e  rem a in d er 
s l ip p e d  in  th e  <011> d i r e c t io n s .  For b o th  modes th e  mean c r i t i c a l  
re s o lv e d  s h e a r  s t r e s s  was (1 5 .7  ± 4 .9 )1 0 lf Nnf2 . At 90°K some c r y s t a l s  
s l ip p e d  in  th e  <11G> d i r e c t io n  w ith  a  c r i t i c a l  r e s o lv e d  s h e a r  s t r e s s  o f  
(49 ± 1 6 .7 )1 0 lfNm~2 . The rem a in d er deform ed by tw in n in g  w ith o u t p r io r  
s l i p ,  b u t no <011> s l i p  was o b se rv ed . On f u r th e r  e x te n s io n  some o f  th e s e  
c r y s t a l s  developed  tw in  m arkings and k in k  bands. The predom inance o f  th e  
<110> d i r e c t io n  a s  a  s l i p  d i r e c t io n  was s u r p r i s in g .  I t  was su g g e s te d  
t h a t  th e  o p e ra t io n  o f  th e  two s l i p  d i r e c t io n s  i s  c o n t ro l le d  by th e  c r i t i c a l  
r e s o lv e d  s h e a r  s t r e s s  o f  each  one o f  them and t h a t  a t  ab o u t 200°K th e  
r a t i o  o f  th e  c r i t i c a l  r e s o lv e d  s h e a r  s t r e s s  in  <110> to  t h a t  in  <110> 
l i e s  betw een 1.2  and 2.0 so t h a t  <011> s l i p  i s  r a t h e r  more d i f f i c u l t  
th a n  <110> s l i p ,  C rocker e t  a l  (1966) a n a ly se d  d e fo rm a tio n  tw in n in g  modes 
by a  s in g le  s u r fa c e  te c h n iq u e  and concluded  t h a t  th e  tw in n in g  mode o f  
c r y s t a l l i n e  m ercury i s  c o n s is te n t  w ith  th e  ty p e  I I  * mode where th e
tw in n in g  e lem en ts  K K n n a re  g iv e n  by {135} { i l l }  <121> < 0 l®>9 w here K.
1 2  1 2
i s  th e  sh e a r  o r  tw in n in g  p la n e ,  i s  th e  sh e a r  o r  tw in n in g  d i r e c t i o n ,  K2 
i s  th e  r e c ip r o c a l  tw in n in g  p la n e  and n0 i s  th e  r e c ip r o c a l  tw in n in g  d i r e c t i o n .
C la s s ic a l  tw in n in g  modes a r e  n o rm ally  d iv id e d  in to  th o s e  w ith  fo u r  
r a t i o n a l  e lem en ts  w hich a r e  l a b e l l e d  ty p e  I  and th o se  w ith  two r a t i o n a l  
e lem en ts  i . e .  e i t h e r  K1 and ri2 o r  ^  anc  ^ 1^ a r e  l a b e l l e d  The
r e c ip r o c a l  o f  ty p e  I  mode i s  o f  ty p e  I I  and v ic e - v e r s a .
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The p la n e  c o n ta in in g  n an<3 q i s  known a s  th e  p la n e  o f  s h e a r .  By 
in te rc h a n g in g  th e  p la n e s  and and th e  d i r e c t io n s  an<i  n2 one o b ta in s  
th e  r e c ip r o c a l  tw in n in g  mode w hich in v o lv e s  th e  same sh e a r  s t r a i n  a s  th e  
o r ig i n a l  mode. A ccord ing  to  th e s e  f in d in g s  i t  i s  c l e a r  t h a t  th e  A ndrade 
and H utch ings in v e s t ig a t io n  on tw in n in g  was in c o r r e c t ;  in  a d d i t io n  to  
th a t ,m e rc u ry  c r y s t a l l i z e s  on a s in g le  l a t t i c e  and n o t on two i n t e r ­
p e n e t r a t in g  l a t t i c e s  a s  do th e  o th e r  rhom bohedral m e ta ls .  Thus a s  in  th e  
body c e n t r e d ,  fa c e  c e n tre d  c u b ic  m e ta ls  and indium  a l l  o f  w hich a re  
b ased  on a  s in g le  l a t t i c e ,  no s h u f f l in g  o f  atom s need accompany th e  
tw in n in g  sh e a r  in  m ercury . An a n a ly t i c  method was used  to  d e te rm in e  th e  
o r i e n t a t i o n  o f  th e  m ercury  specim en from  m easuring  th e  a n g le s  betw een 
th r e e  s e t s  o f  c r y s ta l lo g r a p h ic a l ly  e q u iv a le n t  s l i p  t r a c e s  on a  s in g le  
s u r f a c e .  The method in v o lv e s  th e  s o lu t io n  o f  a q u a r t i c  e q u a tio n  w hich g iv e s  
two p o s s ib le  o r i e n t a t i o n s ,  however making use  o f  th e  in fo rm a tio n  p ro v id e d  
by th e  tw in s  i t  was p o s s ib le  to  d e c id e  th e  c o r r e c t  o r i e n t a t i o n .  The 
r e s u l t  was confirm ed  u s in g  a c o n v e n tio n a l model m ethod. The tw in s  l i e  on 
fo u r  o f  th e  s ix  v a r i a n t s  o f  {135} p la n e s  and n e i th e r  th e  { l l o )  n o r th e  
{135} modes in v o lv e  atom ic s h u f f l in g ,  b u t th e  {135} mode has a much l a r g e r  
tw in n in g  s h e a r .
T  . . . .G uyoncourt and C rocker (1968.) in v e s t ig a te d  th e  d e fo rm a tio n  tw in n in g
o f  c r y s t a l l i n e  m ercury u s in g  s in g le  c r y s t a l s  o f  sq u a re  c ro s s  s e c t io n  
grown by a  m o d ified  Bridgman te c h n iq u e . D eform ation  o f  th e  c r y s t a l s  
by shock lo a d in g  r e s u l t e d  in  th e  fo rm a tio n  o f  tw in s  w hich w ere a n a ly se d  
by a lg e b r a ic  and s te re o g ra p h ic  p ro c e d u re s . A ll  o f  th e  tw in s  exam ined 
belonged  to  th e  ty p e  I I  mode w ith  ^K ^q^q^  e^em ents S^ven by *{135} *{111} 
<121>,<011>t w hich confirm ed  e a r l i e r  r e s u l t s  o b ta in e d  by C rocker e t  a l  
(1 9 6 6 ).
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The d is lo c a t io n  geom etry in  c r y s t a l l i n e  m ercury was in v e s t ig a te d  
by H eckscher and C rocker (1 9 6 5 ). V arious d is lo c a t io n s  were p r e d ic te d  
u s in g  two a n a l y t i c a l  m ethods. The f i r s t  was b ased  on th e  w e ll  e s ta b l i s h e d  
d is lo c a t io n  geom etry o f  th e  f a c e -c e n tr e d  cu b ic  c r y s t a l s ,  s in c e  th e  f a c e -  
c e n tre d  rhom bohedral c e l l  o f  m ercury i s  ap p ro x im ate ly  f . c . c .  w ith  an a x i a l  
an g le  98 °2 2 ! as  shown in  F ig . 1 .1 .  The s l i p  e lem en ts  a re  { i l l }  <110> and 
{ 111} <011> , b o th  o f  which become th e  {111} <110> s l i p  o f  f . c . c .  m e ta ls .
The geom etry o f  th e  d i s lo c a t io n  d i s s o c ia t io n  and in t e r a c t io n  in  f . c . c .  
c r y s t a l s  i s  most c o n v e n ie n tly  d e s c r ib e d  in  te rm s o f  th e  r e g u la r  te t r a h e d ro n  
model in tro d u c e d  by Thompson (1953) F ig . 1 . 2 . a . The same model was used  to
e x p la in  d i s lo c a t io n  geom etry in  m ercury . T h is te tr a h e d ro n  i s  shown in
F ig . 1 .2 .b ;  i t s  b ase  i s  an e q u i l a t e r a l  t r i a n g l e  ABC w ith  mid p o in t s  w, w hich 
r e p r e s e n ts  th e  ( 111) p la n e , th e  th r e e  s id e s  b e in g  th e  <110> d i r e c t io n .
The th r e e  i d e n t i c a l  in c l in e d  fa c e s  w ith  c e n t ro id s  a ,  3 and y  m eet a t  v e r te x
0 and r e p r e s e n t  th e  th r e e  { i l l }  p la n e s ,  th e  in c l in e d  edges a r e  th e  th r e e
<110> d i r e c t i o n s 3 and th e  v e r t i c e s  r e p r e s e n t  th e  a d ja c e n t  a to m ic  p o s i t i o n s  
o f  th e  m ercury s t r u c t u r e .  I t  can be c l e a r ly  seen  from  F ig . 1 .2 .b  t h a t  
more ty p e s  o f  d i s lo c a t io n s  a re  p o s s ib le  in  m ercury th a n  in  fa c e  c e n tr e d  
cu b ic  m e ta ls ,  and t h i s  i s  due to  i t s  low er symmetry. The l e t t e r s  0 and to 
r e p r e s e n t  f e a tu r e s  s t r u c t u r a l l y  d i s t i n c t  from  th o se  in d ic a te d  by th e  
o th e r  Roman and Greek l e t t e r s ,  w h ile  in  th e  r e g u la r  te t r a h e d r o n  o f  F ig . 1 . 2 . a 
th e  c o rre sp o n d in g  l e t t e r s  D and 6 w ere e q u iv a le n t  to  th e  o th e r  l e t t e r s .
T h is  lo s s  o f  symmetry r e s u l t s  in  two p e r f e c t ,  th r e e  Shockley  p a r t i a l s ,  two 
Frank p a r t i a l s  and seven s t a i r - r o d  d is lo c a t io n s  b e in g  p o s s ib le  in  m ercury  
(G uyoncourt and C rocker 1968). The B urgers  v e c to r s  o f  th e s e  d i s lo c a t io n s  
a r e  l i s t e d  in  ta b le (X - l) . The p o s s i b i l i t i e s  o f  d i f f e r e n t  s i t u a t i o n s  in  th e  
case  o f  s t a i r - r o d  d i s lo c a t io n s  was d is c u s s e d  and th e y  su g g e s te d  t h a t  fo u r  
o f  th e  seven  s t a i r - r o d  d is lo c a t io n s  may each  be form ed in  two p h y s ic a l ly
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d i s t i n c t  ways g iv in g  r i s e  to  a  t o t a l  o f  e le v e n  d i f f e r e n t  s i t u a t i o n s .  The 
d i s s o c ia t io n  o f  p e r f e c t  d i s lo c a t io n s  in  m ercury in to  p a i r s  o f  p a r t i a l  
d i s lo c a t io n s  jo in e d  by r ib b o n s  o f  s ta c k in g  f a u l t s  was a l s o  e x p la in e d  
u s in g  th e  same te tr a h e d ro n  m odel. The method f a i l s  to  s u c c e s s f u l ly  
e x p la in  s l i p  b eh av io u r o f  m ercury . T h is  f a i l u r e  i s  rem a rk ab le  b ecau se  
th e  g e n e r a l iz a t io n  from  f . c . c .  to  th e  te tr a h e d ro n  i s  th e  s im p le s t  and 
most d i r e c t  t h a t  can be  e n v isa g e d . I t  i l l u s t r a t e s  th e  danger o f  a p p ly in g  
co n ce p ts  developed  in  c o n s id e r in g  one c r y s t a l  s t r u c t u r e  when exam ining  
f u r th e r  s t r u c t u r e s .  The second approach  used  was to  exam ine th e  s ta c k in g  
sequence o b ta in e d  by p r o je c t in g  th e  s t r u c t u r e  n o rm ally  on to  a {111} s l i p  
p la n e . P o s s ib le  f a u l t s  in  th e  s ta c k in g  o f  th e s e  p la n e s  may th e n  b e  deduced 
so t h a t  th e  d i s s o c ia t io n  o f  p e r f e c t  d i s lo c a t io n s  can be c o n s id e re d . T h is  
approach  a l s o  su g g es ted  t h a t  th e  p redom inan t s l i p  d i r e c t io n  o f  c r y s t a l l i n e  * 
m ercury sh o u ld  be J  <110> a s ,  when d i s s o c ia te d ,  p e r f e c t  d i s lo c a t i o n s  w ith  
t h i s  B urgers v e c to r  have th e  lo w e s t en e rg y . T h is a n a ly s i s  i s  b ased  
on a model w hich c o n s id e rs  th e  ap p rox im ate  f o u r - f o ld  norm al s ta c k in g  
sequence o f  th e  { i l l )  s l i p  p la n e  and u n lik e  th e  a n a ly s i s  th e y  d e s c r ib e d  
b e fo re , i t  gave a s a t i s f a c t o r y  e x p la n a tio n  o f  th e  o b se rv ed  s l i p  b e h a v io u r .
By c o n s id e r in g  d i s lo c a t io n  d i s s o c i a t i o n s ,  th e  fo u r  f o ld  s ta c k in g  ap p ro ach  
i s  a b le  t o  p ro v id e  an e x p la n a tio n  o f  th e  o b s e rv a tio n  t h a t  s l i p  in  th e  
c lo s e  packed d i r e c t io n  <110> i s  l e s s  f r e q u e n t ly  observ ed  th a n  t h a t  in  th eI
<110> d i r e c t io n .  T h is  second app roach  proved  to  be s u c c e s s f u l  in  e x p la in in g  
th e  m ajor e x p e rim e n ta l o b s e rv a tio n s  and th e  r e s u l t  may have a  w id er 
im p lic a t io n  s in c e  i t  i s  l i k e l y  to  g iv e  th e  c o r r e c t  d i s lo c a t io n  geom etry  
in  o th e r  s t r u c t u r e s .
C rocker and A ytas (1 9 7 0 ), con firm ed  t h a t  c r y s t a l l i n e  m ercu ry  has two 
d i s t i n c t  s l i p  d i r e c t io n s  and th r e e  d i f f e r e n t  ty p e s  o f  s l i p  ( i )  s t r a i g h t  <110>
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( i i )  wavy <110> and ( i i i )  wavy <110>. Some c r y s t a l s  deform ed 
p red o m in an tly  by means o f  s l i p  in  th e  <011> d i r e c t io n  b u t  th e  o p e ra t iv e  
s l i p  p la n e  f o r  th e s e  specim ens was n o t  th e  {111}* O ther c r y s t a l s  deform ed 
by means o f  s l i p  in  t h e « 110> d i r e c t io n  and u s u a l ly  p roduced  c r y s t a l l o g r a -  
p h ic  s l i p  on {111} , however non c r y s ta l lo g r a p h ic  s l i p  was a l s o  o b se rv ed  
f o r  th e  <110> d i r e c t io n .  They concluded  t h a t  <011> wavy s l i p  can  in  
p r in c i p le  be anywhere in  th e  <011> zone b u t  in  p r a c t i c e  te n d s  to  l i e  
n e a re r  th e  v a r ia n t  o f  { i l l }  p la n e ,  w hich has h ig h e r  r e s o lv e d  s h e a r  s t r e s s  
v a lu e . The c h o ic e  o f  th e  bend a x is  in f lu e n c e d  th e  p o s i t i o n  o f  th e  m acro­
sc o p ic  s l i p  p la n e ;  t h i s  te n d s  to  l i e  n e a r  th e  maximum re s o lv e d  s h e a r  
s t r e s s  p la n e  and su g g es ted  t h a t  two main f a c t o r s  may o p e ra te  to  cau se  
th e  asymmetry o b served  in  th e  te n s io n  and com pression  f a c e s  o f  th e  
specim en. F i r s t  th e  s t r u c t u r e  asymm etry o f  th e  s l i p  w hich m ight in f lu e n c e  
th e  c o re  s t r u c t u r e  o f  th e  d i s lo c a t io n  in v o lv ed  in  th e  s l i p  p r o c e s s e s ,  
which means t h a t  th e  r e s i s t a n c e  t o  d i s lo c a t i o n  g l id e  i s  a t  l e a s t  p a r t i a l l y  
dependent on th e  a tom ic  c o n f ig u ra t io n  so  t h a t  th e r e  i s  in  b ro ad  se n se  a  
s ig n i f ic a n t" P e ie r l s - N a b a r r o  f o r c e ” ( C h r is t i a n  1968). S eco n d ly , th e  
o p p o s ite  norm al s t r e s s e s  a c ro s s  th e  s l i p  p la n e s  on th e  te n s io n  and 
com pression  s id e s  o f  th e  specim en may be a re a s o n  fo r  th e  observ ed  
asymmetry a s  d is c u s s e d  by Roy (1 9 6 9 ).
C rocker and S in g le to n  (1971) in v e s t ig a te d  th e  o r i e n t a t i o n  
dependence o f  th e  c o n v e n tio n a l e l a s t i c  m oduli by u s in g  some a v a i l a b l e  
e x p e r im e n ta lly  de te rm in ed  v a lu e s  o f  th e  s ix  e l a s t i c  com pliance c o n s ta n ts  
o f  c r y s t a l l i n e  m ercu ry . The o r ig i n a l  p ro ced u re  o f  G runeisen  and S c k e l l  
(1934) f o r  deducing  th e  com pliance c o n s ta n ts  was rev iew ed . By c o n s id e r in g  
th e  o r i e n t a t i o n  dependence o f  th e  c o n v e n tio n a l e l a s t i c  m oduli i t  has 
been d em o n stra ted  t h a t  c r y s t a l l i n e  m ercury i s  e l a s t i c a l l y  a  v e ry  a n i s o t r o p ic
-  9 -
m a te r ia l  and p ro b a b ly  th e  m ost a n i s o t r o p ic  p u re  m e ta l f o r  w hich d a ta  
a re  a v a i la b le *  C o u p u ta tio n s  show t h a t  Young’s modulus and th e  s h e a r  
modulus v a ry  by f a c to r s  o f  ab o u t 7 and 11 r e s p e c t iv e ly  and th e  Reuss and 
V o ig t a v e ra g e s  o f  th e s e  m oduli d i f f e r  by f a c to r s  o f  ap p ro x im a te ly  2 .5 .
In  view  o f  th e  ex trem e n a tu re  o f  t h e i r  r e s u l t s  th e y  su g g e s te d  t h a t  th e  
c o n s ta n ts  be re d e te rm in e d  u s in g  modern te c h n iq u e s .
S in g le to n  and C rocker (1971) s tu d ie d  th e  p r o p e r t i e s  o f  d i s lo c a t io n s  
in  m ercury s t r u c t u r e  by making use o f  a n is o t r o p ic  e l a s t i c i t y  th e o ry .  They 
showed t h a t  th e  e l a s t i c  e n e rg ie s  o f  p e r f e c t  d i s lo c a t io n s  a re  c o n s i s te n t  
w ith  th e  e x p e rim e n ta l r e s u l t s ;  b u t th e  co rre sp o n d in g  r e s u l t s  f o r  p a r t i a l  
d i s lo c a t io n s  r e q u ir e d  f u r th e r  d is c u s s io n  due to  th e  la c k  o f  in fo rm a tio n  
ab o u t t h e i r  B u rgers v e c to r s  and th e  s ta c k in g  f a u l t  energy  ( y ) .  By 
c o n s id e r in g  th e  w id th  d o f  th e  p o s s ib le  ex tended  d i s lo c a t io n s  some 
in fo rm a tio n  ab o u t th e s e  p a ra m e te rs  was deduced ( i . e .  th e  s ta c k in g  f a u l t  
e n e rg y ) , u s in g  a  p ro ced u re  due to  S tro h  (1 9 5 8 ). As w i l l  be  d is c u s s e d  
in  C hap ter I I I  th e s e  r e s u l t s  needed  f u r th e r  e x p e r im e n ta l e v id e n c e . They 
s t r e s s e d  th e  need o f  d i r e c t  o b s e rv a tio n s  f o r  d i s lo c a t io n s  and s ta c k in g  
f a u l t s  u s in g  tra n s m is s io n  e le c t r o n  m icroscopy  and X -ra y  to p o g rap h y .
1.M-. Remarks
The work d is c u s s e d  up to  now was b ased  on exam ining b u lk  c r y s t a l l i n e  
specim ens p re p a re d  by d i f f e r e n t  te c h n iq u e s .  Andrade and H u tch in g s  (193^0 
p re p a re d  t h e i r  specim ens by lo w erin g  a  g la s s  tu b e  co v ered  w ith  a  la y e r  o f  
a lc o h o l and f i l l e d  w ith  m ercury s lo w ly  in to  a b a th  o f  a lc o h o l  and carbon  
d io x id e  snow; th e  s o l id  m ercury was th e n  removed and exam ined. C rocker 
e t  a l  (1963) p re p a re d  t h e i r  specim ens by f r e e z in g  a p o o l o f  s in g ly  
d i s t i l l e d  m ercury by s lo w ly  p o u rin g  l i q u i d  n i t r o g e n .  The r e s u l t  was a
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la rg e  g ra in e d  p o ly c r y s t a l l i n e  specim en . These two te c h n iq u e s  w ere used  
to  p roduce specim ens w hich a r e  s u i t a b le  fo r  s tu d y in g  s l i p  t r a c e s .
R id e r and H eckscher (1966) ad o p ted  a Bridgman te c h n iq u e  to  p roduce  
c y l in d r i c a l  s in g le  c r y s t a l s  o f  m ercury . The m oulds were o f  p r e c i s i o n -  
b o re  p y rex tu b e  whose w a lls  were c o a te d  w ith  a f i lm  o f  a lc o h o l .  The 
moulds were low ered  in to  l i q u id  a i r  a t  a  speed  o f  7mm m in"1. A ytas and 
C rocker (1971) ad o p ted  th e  same te c h n iq u e  to  p roduce sq u are  c ro s s  s e c t io n  
specim ens a s  w e ll  a s  c y l in d r i c a l  specim ens.
For t r a n s m is s io n  e le c t r o n  m icroscopy  none o f  th e s e  te c h n iq u e s  i s  
s u i t a b le  due to  th e  f a c t  t h a t  v e ry  th i n  specim ens a re  needed . T h e re fo re  
an e n t i r e l y  new te c h n iq u e  had to  be found .
1«5* M ercury P l a t e l e t s
Volmer and E sterm ann (1921) r e p o r te d  th e  fo rm a tio n  o f  t i n y  
p l a t e l e t s  o f  m ercury by th e  co n d en sa tio n  o f  m ercury vapour upon a  g la s s  
s u r fa c e  a t  a  te m p e ra tu re  o f  2 0 9 .5°K, The p l a t e l e t s  grew to  a  le n g th  o f  
ab o u t 0 .3  mm and t h e i r  th ic k n e s s  was e s tim a te d  a t  0 .0 3  y . These p l a t e ­
l e t s  underw ent c e a s e le s s  Brownian m o tio n . Volmer and E sterm ann 
re c o g n iz e d  th e  two m ost s a l i e n t  f e a tu r e s  in  th e  p l a t e l e t s  grow th 
b e h a v io u r: th e  p l a t e l e t s  th ic k e n e d  a t  an im p e rc e p tib le  r a t e ,  w h ile  th e y  
grew in  l a t e r a l  d im ensions a t  a  r a t e  a  th o u san d  tim es  t h a t  c a lc u la te d  
from im pingem ent r a t e  o f  vapour m o lecu les  on th e  advanc ing  f a c e .  They 
deduced t h a t  atom s im ping ing  upon th e  l a t e r a l  f a c e s  w ere u n ab le  to  
condense and d if fu s e d  t o  th e  advanc ing  edge and th e re  d e p o s ite d .
S ea rs  (1956) d e s c r ib e d  th e  grow th b e h a v io u r o f  m ercury  p l a t e l e t s  in  
te rm s o f  th e  screw  d is lo c a t io n  grow th c o n c e p t. vT h is  co n cep t i s  q u i t e
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g e n e ra l ly  a p p l ic a b le  to  c r y s t a l  grow th from th e  vapour p h a se . He 
r e p o r te d  t h a t  m ercury p l a t e l e t s  grow w ith  a rhom bohedral shape F ig . 1 .3  
w ith  a d ja c e n t a n g le s  b e in g  ap p ro x im ate ly  72° and 108° and a re  bounded on 
a l l  fa c e s  by rhom bohedral (100) p la n e s .  As x ^ ill  be shown l a t e r  th e s e  
p l a t e l e t s  were found to  be o f  two sh a p e s : a  rhombus bounded by th e  
c l o s e s t  packed p la n e  th e  ( 111) and a r e c ta n g u la r  shape d e f in in g  th e  ( 110) 
p la n e .  S ears  a l s o  e s t im a te d  th e  p l a t e l e t ’s th ic k n e s s  from  i t s  av erag e  
d e f le c t io n  in  Brownian m otion by assum ing t h a t  th e  d im ensions o f  th e  
p l a t e l e t - g l a s s  i n t e r f a c e  i s  ta k en  as a sq u are  whose edge le n g th  e q u a ls  
th e  p l a t e l e t  th ic k n e s s  ( F i g .1 .4 ) .  U sing th e  d i f f e r e n t i a l  e q u a tio n  f o r  th e  
d e f le c t io n  curve o f  a  b e n t  beam and s in c e  th e  p l a t e l e t  i s  a beam o f  
c o n s ta n t  th ic k n e s s  ( t )  and in c r e a s in g  w id th  b (x )  w ith  in c r e a s in g  x s w here 
b (x )  = t 9 a t  th e  su p p o rts  m ost o f  th e  b en d in g  o c c u rre d  in  th e  n e ig h ­
bourhood o f  th e  s u p p o r t .  The rhom bic l a t e r a l  fa c e  was re p la c e d  f o r  
ea se  o f  c a lc u la t io n  by a t r i a n g u la r  fa c e  su p p o rte d  a t  one apex  and h a v in g  
a  p e rp e n d ic u la r  h e ig h t  £9 e q u a l to  th e  le n g th  o f  th e  d ia g o n a l o f  th e
O
o r i g i n a l  rhomb. S ea rs  concluded  t h a t  th e  th ic k n e s s  i s  a b o u t 12 A which 
d i f f e r s  very  a p p re c ia b ly  from th e  th ic k n e s s  e s tim a te d  by Volmer and 
Eastman (1921) and from t h a t  d e te rm in ed  in  t h i s  p r o j e c t  w hich w i l l  be 
r e p o r te d  in  C hap ter I I I .  By assum ing t h a t  th e  p l a t e l e t  i s  bounded by 
rhom bohedral {100} p la n e s  w hich a re  p a r a l l e l  t o  th e  [ llO ] d i r e c t io n  and 
s in c e  a  p a i r  o f  rhom bohedral {110} p la n e s  a re  a ls o  p a r a l l e l  to  th e  [ 110] 
screw  a x i s 9 S ea rs  deduced t h a t  bounds o f  th e  s u r fa c e  f r e e  en erg y  r a t i o
viooa re  n u m e ric a lly  0 .59  < < 0 .8 1 .
As w i l l  be shown t h i s  assum ption  i s  f a r  from  b e in g  a c c u ra te  b eca u se  
in  a d d i t io n  to  th e  wrong assum ption  o f  th e  p la n e s  t h a t  bound th e  p l a t e ­
l e t s  th e  ( 100) p la n e s  a re  n o t  th e  most c lo s e ly  packed  p la n e s  in  m ercury 
and th e r e f o r e  th e y  do n o t  have th e  lo w es t s u r f a c e  f r e e  e n e rg y .
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1 .6 .  The S u p e r s a tu ra t io n  R a tio
E v a p o ra tio n  i s  e f f e c te d  by r e l a t i v e l y  h e a t in g  a  m a te r ia l  to  a 
te m p e ra tu re  a t  which i t s  vapour p re s s u re  cau ses  a  re a so n a b le  f lu x  o f  
atom s o r  m o lecu les  a c ro s s  i t s  s u r f a c e  ( l i q u i d  o r  s o l i d ) .  In  most 
vacuum e v a p o ra tio n  system s th e  p re s s u re  i s  low enough to  en su re  t h a t  
th e  mean f r e e  p a th  o f  m o lecu les  in  th e  vapour i s  much l a r g e r  th a n  th e  
d im ensions o f  th e  a p p a ra tu s .  Atoms o r  m o lecu les a r r iv e  a t  th e  s u b s t r a t e  
w ith  e n e rg ie s  c h a r a c t e r i s t i c  o f  th e  e v a p o ra tio n  so u rc e .
I f  Pq i s  th e  vapour p re s s u re  o f  s o l id  m ercury a t  th e  p l a t e l e t  
te m p e ra tu re  and P i s  th e  a c tu a l  p re s s u re  o f  m ercury v ap o u r, th e  s u p e r ­
s a tu r a t io n  r a t i o  "a"  i s  d e f in e d  by
Pex ~■ p r" 
o
1*7« M ercury W hiskers
In  th e  co u rse  o f  ex p erim en ts  aimed a t  c h a r a c te r iz in g  th e  d e t a i l s  o f  
th e  grow th mechanism fo r  th e  m ercury p l a t e l e t s .  S ears  (1953) d is c o v e re d  
t h a t  w h isk e rs  o f  s o l id  m ercury  can be grown on a c o ld  g la s s  s u b s t r a t e .
The w h isk e rs  were f i r s t  o b serv ed  a s  t i n y  d o ts  on th e  c o n d e n sa tio n  f i n g e r .  
As th e  w h isk ers  grew lo n g e r  th e y  began to  bend in  Brownian m o tio n . Each 
w h isker re a c h e d  some le n g th  in  abou t t h i r t y  m in u tes  w hich i s  d e s ig n a te d  
as i t s  te rm in a l  le n g th .  The te rm in a l  le n g th s  ranged  from 0 .2 5  to  
1 .25  mm w ith  few w h isk e rs  a t t a i n i n g  le n g th s  up to  2 .5  mm. The lo n g e s t  
w h isk e rs  made t h e i r  appea rance  a t  th e  h ig h e s t  s u p e r s a tu r a t io n .  The 
w h isk e rs  rem ained  a t  c o n s ta n t  r a d iu s  th ro u g h o u t th e  a x i a l  grow th to  
te rm in a l  le n g th .  At th e  a t ta in m e n t o f  te rm in a l  le n g th ,  th e  a x i a l  grow th 
r a t e  a b ru p t ly  d im in ish ed  to  an im m easurable r a t e .  J u s t  a s  a b r u p t ly
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th e  r a d i a l  grow th s t a r t e d .  The r a d i a l  grow th was in d ic a te d  by th e  
c e s s a t io n  o f  Brownian m otion  fo llo w ed  by th e  c y c l ic  ap p ea ran ce  o f  i n t e r ­
fe re n c e  c o lo u r s ,  b lu e  th ro u g h  r e d .
I t  i s  known from e le c t r o n  m icroscopy  o f  g la s s  (B e y e rsd o rf  1952) , 
t h a t  a g la s s  s u r fa c e  i s  f o r  th e  m ost p a r t  smooth l i k e  l i q u i d  s u r f  a c e ,b u t  
t h a t  t i n y  c r y s t a l l i n e  r e g io n s  a r e  s c a t t e r e d  h e re  and th e r e  in  th e  v i t r e o u s  
w hole. I t  i s  p roposed  t h a t  s o l id  m ercury n u c le a te s  on c r y s t a l l i n e  
re g io n s  w hich p r e s e n t  exposed screw  d i s lo c a t io n  ends. The screw  
d is lo c a t io n  in  th e  c r y s t a l l i t e  i s  tra n s fo rm e d  to  a  screw  d i s lo c a t i o n  in  
m ercury and th e  m ercury c r y s t a l s  grow o u t from th e  g la s s  in  th e  form  o f  
a  w h isk e r . The w h isker w i l l  be bounded p a r a l l e l  to  th e  a x i s  by low 
index  o r  c lo se d  packed p la n e s ,  s in c e  th e s e  have th e  lo w e s t s u r f a c e  
energy  and w i l l  g iv e  i t  th e  minimum f r e e  en e rg y . In  a n o th e r  a t te m p t 
to  e x p la in  th e  grow th mechanism o f  th e  w h isk e rs  S ea rs  p o s tu la te d  t h a t  
a  perm anent grow th s te p  i s  exposed in  th e  advanc ing  fa c e  o f  th e  w h is k e r ;  
fu rth e rm o re  a  w h isker i s  bounded by low in d ex  fa c e s  p a r a l l e l  to  i t s  a x i s ,  
and s in c e  two d im en sio n a l n u c le a t io n  can n o t o ccu r on th e s e  f a c e s  a 
mechanism i s  p ro v id ed  f o r  r a p id  a x i a l  g row th . M ercury atoms im pinge on 
th e  s id e s  o f  th e  w h isk e r, a r e  ab so rb ed  and m ig ra te  to  th e  adv an c in g  en d , 
w here th e y  a re  in c o rp o ra te d  in to  th e  c r y s t a l  l a t t i c e .  I f  i t  i s  assumed 
t h a t  a l l  atoms w ith in  a d is ta n c e  Ax, o f  th e  end c o n t r ib u te  to  th e  a x i a l  
g row th , th e n  i t  can be w r i t t e n  t h a t
2irr A + rrr2 = 5000 irr2 x
d iv id in g  by n r 2
2 A
— -  + 1 = 5000 r
A :  2500 r  x
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For a  t y p i c a l  v a lu e  o f  r  = 0 ,0 1  pm th e n  A = 0 .025  mm. The q u a n t i t a t i v e
X
e x p re s s io n  f o r  th e  a x i a l  g row th  r a t e  i s  th e n  g iv e n  by
2X cI = - i l lr  p
m
2?rkT
where & i s  th e  w h isk er l e n g th ,  r  i s  th e  w h isker r a d iu s ,  P i s  th e  p re s s u re  
o f  m ercury o v er th e  w h isker, p i s  th e  d e n s i ty  o f  s o l id  m ercury, m i s  th e  
mass o f a  m ercury  a tom , k i s  th e  m o lecu la r  gas c o n s ta n t  and T i s  th e  
a b s o lu te  te m p e ra tu re  o f  th e  vapour p h ase .
In  any co n d en sa tio n  p ro c e s s  th e  n e t  co n d en sa tio n  r a t e  i s  th e  
d i f f e r e n c e  betw een th e  im pingem ent r a t e  and th e  e v a p o ra tio n  r a t e .  The 
e v a p o ra tio n  r a t e  can be n e g le c te d  i f  a h igh  s u p e r s a tu r a t io n  r a t i o  i s  
used ( i . e .  from  70 up w ard s), s in c e  th e  s u p e r s a tu r a t io n  r a t i o  i s  e q u a l 
to  th e  r a t i o  o f  im pingem ent r a t e  to  e v a p o ra tio n  r a t e .
1*8. The P roposed P r o je c t
One o f  th e  p r in c ip a l  p u rp o ses  o f  s tu d y in g  c r y s t a l l i n e  m ercury  w ith  
th e  e l c t r o n  m icroscope was th e  la c k  o f  in fo rm a tio n  a v a i la b le  ab o u t 
d i s lo c a t io n s  and s ta c k in g  f a u l t s  in  t h i s  m e ta l.  The p r o j e c t  p ro v id e d  
a  c o n s id e ra b le  c h a lle n g e  due to  th e  fo re s e e n  te c h n ic a l  d i f f i c u l t i e s  in  
o b ta in in g  a specim en t h a t  i s  th in  enough to  undergo t r a n s m is s io n  e le c t r o n  
m icroscopy w h ile  k eep ing  i t  in  th e  c r y s t a l l i n e  s t a t e  and y e t  f r e e  from  
any co n ta m in a tio n .
The work in  t h i s  p r o je c t  can be c a te g o r iz e d  a s  fo llo w s  :
1 .8 .1 .  L ig h t M icroscopy o f  M ercury P l a t e l e t s
T h is  in c lu d e d  m easurement o f  th e  d im ensions and a n g le s  o f  p l a t e ­
l e t s .  A s p e c ia l  te c h n iq u e  had to  be developed  fo r  t h i s  p u rp o se .
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1 .8 .2 ,  E x p erim en ta l Methods f o r  E le c tro n  M icroscopy
To t r a n s f e r  th e  p l a t e l e t s  from  th e  grow th s i t e  to  th e  e l e c t r o n  
m icroscope w h ile  k eep in g  them c le a n  and f r e e  from  any c o n ta m in a tio n  was 
th e  m ost d i f f i c u l t  and tim e consuming o b s ta c le  and had t o  be done c a r e ­
f u l l y .  The f a c t  t h a t  m ercury  i s  l i q u id  a t  room te m p e ra tu re  and th e  
p l a t e l e t s  a re  v e ry  sm a ll in  s i z e  co m p lica ted  th e  problem  and th e  u tm ost 
c a re  and d e l ic a c y  was e x e rc is e d .
T r i a l s  o f  p re p a r in g  th in  specim ens by o th e r  te c h n iq u e s  (hammering 
and e le c t r o - p o l is h in g ) w e r e  a l s o  made and w i l l  be d is c u s s e d .
\
1 ,8 .3 *  T ran sm iss io n  E le c tro n  M icroscopy o f  P l a t e l e t s
T h is  in c lu d e d  t r a c e  a n a ly s i s  o f  c r y s ta l lo g r a p h ic  f e a t u r e s , a n a ly s i s  
o f  d i f f r a c t i o n  p a t te r n s  (a s  an a id  to  th e  l a t t e r  r e c ip r o c a l  l a t t i c e  
s e c t io n s  were c o n s tru c te d  f o r  th e  m ercury  s t r u c t u r e ) ,  specim en th ic k n e s s  
m easurem ent. A s tu d y  o f  th e  e f f e c t  o f  d e fo rm a tio n  on v a r io u s  d e f e c ts  and 
exam ining c r y s t a l s  p re p a re d  under d i f f e r e n t  c o n d i t io n s .
1 .8 .4 -. S tudy o f  M ercury W hiskers
T h is  in c lu d e d  developm ent o f  p r e p a r a t io n  m ethods and th e  s tu d y  o f  
w h isk e rs1 grow th b e h a v io u r , th e  l a t t e r  was done by in d e x in g  e l e c t r o n  
d i f f r a c t i o n  p a t t e r n s .
1*8*5. S tudy o f  c r y s t a l l i n e  e th y l  a lc o h o l
I t  was p o s s ib le  to  examine s o l id  e th y l  a lc o h o l by e le c t r o n  
m icposcopy and d i f f r a c t i o n .  The l a t t e r  method was used  to  e lu c id a t e  th e  
c r y s t a l  s t r u c t u r e  o f  e th y l  a lc o h o l .
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1*9* D efec ts  in  C r y s ta l l in e  M a te r ia ls
The h y p o th eses  o f  c r y s t a l  p h y s ic s  t h a t , c r y s t a l s  c o n s i s t  o f  r e g u la r  
a r r a y s  o f  a tom s, io n s  o r  m o le c u le s , le a d s  to  a  s a t i s f a c t o r y  u n d e rs ta n d in g  
o f  many p h y s ic a l  p r o p e r t i e s  such  a s  e l a s t i c  c o n s ta n ts  and s p e c i f i c  
h e a ts  (W ilsd o rf  and W ilsd o rf 1964 ). I t  can n o t however e x p la in  m ost o f  th e  
m ech an ica l p r o p e r t i e s  o f  c r y s t a l s ,  p a r t i c u l a r l y  th e  n o to r io u s  w eakness 
o f  m e ta ls ,  w hich a re  some hundreds o r  even th o u san d s o f  tim es  w eaker 
th a n  ex p ec ted  from th e  p e r f e c t  c r y s t a l  a ssu m p tio n . I t  i s  th u s  n a t u r a l  
to  p o s tu la te  th e  e x is te n c e  o f  c r y s t a l  d e f e c t s . ” (Weertman and Weertman 
D e fe c ts  o f  z e ro ,  on e , two and th r e e  d im ensions can be  en v isag e d  and may 
be c a l le d  p o in t ,  l i n e ,  s h e e t  and volume d e f e c ts  r e s p e c t iv e ly .  A ll  
fo u r  ty p e s  a re  known to  e x i s t  and a re  r e l a t e d .  Thus, f o r  exam ple, volume 
d e f e c ts  may be c o n s id e re d  to  be c l u s t e r s  o f  p o in t  d e f e c t s ,  s h e e t  d e f e c ts  
a re  som etim es bounded by l i n e  d e f e c t s ,  and p o in t  d e f e c ts  a r e  a t t r a c t e d  
o r  r e p e l le d  by l i n e  d e f e c ts .  V acant s i t e s  in  th e  c r y s t a l  ( i . e .  v a c a n c ie s )  
and in t r u s iv e  atoms n o t lo c a te d  a t  c r y s t a l  s i t e s  ( i . e .  i n t e r s t i t i a l s )  
a re  p o in t  d e f e c t s .  V oids and p r e c i p i t a t e s  p ro v id e  good exam ples o f  
volume d e fe c ts  and g ra in  and phase b o u n d a rie s  o f  s h e e t  d e f e c t s ,  b u t 
th e  most im p o rtan t d e f e c t  i s  th e  l i n e  d e f e c t  known a s  d i s lo c a t i o n .  The 
te rm  d i s lo c a t io n  was in tro d u c e d  by Love (1927) to  d e s c r ib e  a ty p e  o f  l i n e  
d e f e c t  in  an e l a s t i c  continuum  w hich had been  f i r s t  s tu d ie d  by  V o l te r r a  
(1907) who r e f e r r e d  to  i t  a s  a d i s t o r t i o n .  The co n cep t o f  a  d i s lo c a t i o n  
in  a c r y s t a l  was however f i r s t  used  by P ra n d t l  (1321) and developed  
in d e p e n d e n tly  by  T a y lo r , Orowan and P o la n y i (1 9 3 4 ), and by B u rg e rs  (1 9 3 9 ) .
* The te rm  " c r y s t a l  d e fe c t"  i s  u sed  in  p re fe re n c e  to  th e  te rm  " l a t t i c e  
d e f e c t"  a s  a l a t t i c e  d e fe c t  i s  s t r i c t l y  a m a th em a tic a l e n t i t y  and hence 
n e c e s s a r i ly  p e r f e c t .
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The im portance  o f  th e  r o l e  o f  d is lo c a t io n s  in  p l a s t i c  d e fo rm a tio n  o f  
c r y s t a l s  was w e ll  e s ta b l i s h e d  by  th e  e a r ly  1950*s .  S ince  then*  
p o w erfu l te c h n iq u e s  f o r  th e  d i r e c t  o b s e rv a tio n  o f  th e s e  d e f e c ts  have 
been developed  and an e x te n s iv e  l i t e r a t u r e  has been produced  C/oc'ie 'r
1 .9 .1 .  D is lo c a t io n s
I f  c r y s t a l s  deform  by th e  r i g i d  body d isp la cem e n t o f  one p a r t  ov er
a n o th e r ,  th e  p e r f e c t  c r y s t a l  th e o ry  t e l l s  us t h a t  th e y  sh o u ld  be much
s tro n g e r  th a n  th e y  a r e  found to  be in  p r a c t i c e .  The a l t e r n a t i v e  i s  t h a t
c r y s t a l s  deform  by a p ro c e s s  o f  l o c a l  s l i p  F ig . 1 .5 a ,  in  w hich a  sm a ll
lo c a l iz e d  d isp la cem e n t s lo w ly  e x te n d s . The boundary in  th e  s l i p  p la n e  
o f  th e  s l ip p e d  and u n s lip p e d  r e g io n s  i s  th e n  a d is lo c a t io n  l i n e .
The v e c to rs  r e p r e s e n t in g  th e  m agnitude o f  th e  l o c a l  s l i p  o r  more
g e n e r a l ly ,  th e  d i f f e r e n c e  in  th e  amount o f  l o c a l  s l i p  in  n e ig h b o u rin g
re g io n s  i s  known a s  th e  B urgers  v e c to r  and i s  n o rm ally  r e p re s e n te d  by
b ,  b i s  a s s o c ia te d  w ith  th e  whole d i s lo c a t io n  l i n e  and i s  th u s  c o n s ta n t  
f o r  th e  l i n e .  I t  fo llo w s  th a t  d i s lo c a t io n s  m ust end a t  e i t h e r  th e
s u r fa c e  o f  a  c r y s t a l  o r  a t  a n o th e r  d i s lo c a t io n .  Where two o r  more
d is lo c a t io n s  m eet, one has a d i s lo c a t io n  node. The sum o f  th e  B u rg ers
v e c to r s  on e i t h e r  s id e  o f  such  a  node m ust be e q u a l F ig . 1 .5 b . T h is  r u l e
i s  s u b je c t ,  how ever, to  u s in g  a  c o n s is te n t  s ig n  co n v en tio n  f o r  th e
d i r e c t io n  o f  th e  B urgers  v e c to r .
The a to m ic  a rran g em en ts  n e a r  a  d i s lo c a t io n  l i n e  w i l l  depend on th e  
r e l a t i v e  o r ie n t a t i o n s  o f  th e  l i n e  and th e  B u rgers v e c to r .  Thus r e f e r r i n g  
to  F ig . 1 .5 a  th e  s t r a i n s  a t  A and B where b i s  p e rp e n d ic u la r  to  th e  l i n e ,  
w i l l  be shown in  F ig s .  1 .5 c  and d . These a r e  p o s i t i v e  and n e g a t iv e  c a s e s  
r e s p e c t iv e ly .
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The p a r t s  o f  th e  d i s lo c a t io n  l i n e  a t  €  and D F ig . 1 .5 a  a r e  p a r a l l e l
■>
to  b and a re  known a s  r ig h t -h a n d  and le f t - h a n d  screw  d is lo c a t io n s  
r e s p e c t iv e ly .  The h e l i c a l  n a tu re  o f  th e  s t r a i n  f i e l d s  w ith  w hich th e y  
a re  a s s o c ia te d  i s  shown in  F ig . 1 .5 e  and f .  Screw d i s lo c a t io n s  m ust by 
d e f i n i t i o n  be s t r a i g h t  l i n e s  p a r a l l e l  to  b . Most d i s lo c a t io n  in  c r y s t a l s  
have b o th  edge and screw  com ponents and a re  l a b e l le d  "mixed d i s lo c a t io n s " .
1 .9 .2 .  S tac k in g  F a u l t s
The B urgers  v e c to r  o f  a p e r f e c t  d is lo c a t io n  i s  a l a t t i c e  v e c to r .
In  t h i s  c a s e 3 th e  c r y s t a l  s t r u c t u r e  a t  th e  p la n e  ov er w hich th e  l o c a l  s l i p  
has o ccu rred  i s  p e r f e c t ,  a p a r t  from e l a s t i c  s t r a i n s ,  a s  shown in  F ig . l » 6a .  
T h is  i s  n o t th e  case  f o r  im p e rfe c t d i s lo c a t io n s  which a re  th u s  a s s o c ia te d  
w ith  a s h e e t  d e f e c t  a s  shown in  F ig .1 .6 b .  The s ta c k in g  o f  th e  c r y s t a l  
p la n e s  a c ro s s  t h i s  s h e e t i s  seen  to  be i n c o r r e c t ,  so t h a t  th e  d e f e c t  i s  
known a s  a " s ta c k in g  f a u l t " .  The energy  o f  t h i s  d e f e c t ,  th e  " s ta c k in g  
f a u l t  en e rg y " , depends on th e  m a te r ia l  and i s  v e ry  im p o r ta n t ,  in  d e s c r ib in g  
th e  m echan ica l p r o p e r t i e s  o f  c r y s t a l s .  An i n t e r e s t i n g  f e a tu r e  a r i s e s  when . 
a  p e r f e c t  d i s lo c a t io n  s p l i t s  in to  two Shockley  p a r t i a l  d i s lo c a t i o n s  w hich 
a r e  jo in e d  by a  r ib b o n  o f  s ta c k in g  f a u l t  F ig .) .6c .  The d i s lo c a t i o n  i s  
th e n  s a id  to  be d is s o c ia te d  o r  ex ten d ed . The low er th e  s ta c k in g  f a u l t  
en e rg y , th e  la r g e r  w i l l  be th e  s e p a ra t io n  o f  th e  p a r t i a l s .  I f  a  c r y s t a l  
s t r u c t u r e  i s  d e s c r ib e d  a s  a s ta c k  o f  atom la y e r s  in  w hich th e  arran g em en t 
o f  atom s in  each  la y e r  i s  i d e n t i c a l ,  th e  o rd e r  o r  sequence o f  th e  atom 
la y e r s  in  th e  s ta c k  " th e  s ta c k in g  se q u en ce " , i s  r e f e r r e d  to  by f ix in g  one 
la y e r  a s  an ’A’ la y e r  and a l l  o th e r  l a y e r s  w ith  atom s in  i d e n t i c a l  p o s i t i o n  
as ’A* la y e r s  a l s o .  L ayers o f  atom s in  o th e r  p o s i t i o n s  in  th e  s ta c k  a r e  
r e f e r r e d  to  a s  B,C,D la y e r s  e t c .  A s ta c k in g  f a u l t  i s  a  s u r f a c e  d e f e c t .
I t  i s  a  l o c a l  r e g io n  in  th e  c r y s t a l  where th e  r e g u la r  sequence h as  been
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i n t e r r u p te d .  S ta c k in g  f a u l t s  a re  n o t ex p ec ted  in  p la n e s  w ith  AB AB AB 
sequences in  f a c e -c e n tr e d  and body c e n tre d  cu b ic  l a t t i c e s  b ecause  th e r e  
i s  no a l t e r n a t i v e  s i t e  f o r  an ’A’ la y e r  r e s t i n g  on a ’B* l a y e r .  However 3. 
f o r  ABC ABC . .  s ta c k in g  o f  th e  c lo se -p a c k e d  l a t t i c e s  th e re  a re  two 
p o s s ib le  p o s i t io n s  o f  one la y e r  r e s t i n g  on a n o th e r .  A c lo s e  packed la y e r  
o f  atoms r e s t i n g  on an  TA' la y e r  can r e s t  e q u a l ly  w e ll  in  e i t h e r  a  'B ' 
o r  {C ? p o s i t io n  and g e o m e tr ic a lly  th e r e  i s  no re a so n  f o r  th e  s e le c t io n  
o f  a  p a r t i c u l a r  p o s i t i o n .  In  f a c e -c e n tr e d  c u b ic  l a t t i c e  two ty p e s  o f  
s ta c k in g  f a u l t s  a re  p o s s i b l e 9 th e s e  a re  r e f e r r e d  to  a s  i n t r i n s i c  and 
e x t r i n s i c .  They can be b e s t  d e sc r ib e d  by c o n s id e r in g  th e  change in  
sequence r e s u l t i n g  from  th e  rem oval o r  in t ro d u c t io n  o f  an e x t r a  l a y e r ;  
in  F ig . 1 .7 a  p a r t  o f  a  *C’ la y e r  has been removed w hich r e s u l t s  in  a  b re a k  
in  th e  s ta c k in g  sequence . T h is  i s  an ’’i n t r i n s i c  f a u l t ” and i t  can be 
seen  t h a t  th e  l a t t i c e  p a t te r n s  above and below  th e  f a u l t  p la n e  a re  
co n tin u o u s  r i g h t  up to  th e  f a u l t  p la n e .  In  F ig . '1 .7 b  an e x t r a  fAT la y e r  
has been in tro d u c e d  betw een a ?B ! and a ?CJ l a y e r .  There a re  two b re a k s  
in  th e  s ta c k in g  sequence and i t  i s  r e f e r r e d  to  as  an " e x t r i n s i c  f a u l t " .
The e x t r a  la y e r  does n o t  b e lo n g  to  th e  c o n t in u in g  p a t t e r n s  o f  e i t h e r  th e  
l a t t i c e  above o r  below  th e  f a u l t ;  an e x t r i n s i c  f a u l t  i s  e x p e c te d  to  have 
a h ig h e r  s ta c k in g  f a u l t  energy  th a n  an i n t r i n s i c  f a u l t  becau se  o f  th e  
a d d i t io n a l  l a t t i c e  d i s c o n t in u i ty  a s s o c ia te d  w ith  th e  fo rm er.
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Fig. 1.1
The face centred rhombohedral unit cell of Crystalline mercury 
showing important planes and directions
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Fig. 1. 2 (a) The tetrahedron model for f. c. c. Crystals
(b) The tetrahedron model for Mercury
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Fig.1 .3  Mercury Platelet
Platelet glass interface
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Fig. 1. 5 (a) local slip (b) local slip bA and bB in different regions
(c) and (d) positive and negative edge dislocations 
(e) and (f) right and left hand screw dislocations
a b c
Fig. 1. 6 (a) perfect Crystal between perfect dislocations
(b) A stacking fault joining two imperfect dislocations
(c) A stacking fault joining two Shockley partial dislocations
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CHAPTER I I  -  EXPERIMENTAL TECHNIQUES
2 .1 .  In tro d u c t io n
One o f  th e  un ique  p r o p e r t i e s  o f  m ercury i s  th e  h ig h  a v a i la b le  
p u r i t y  w hich p re v e n ts  any s i g n i f i c a n t  e f f e c t  o f  im p u r ity  c o n te n t  on 
th e  p l a s t i c  p r o p e r t i e s  o f  th e  m e ta l (G reen land  1937 ). T h is  i s  l e s s  th a n  
th r e e  p a r t s  p e r  m i l l io n  in  s in g ly  d i s t i l l e d  m ercury . The m ercury 
used  in  t h i s  p r o je c t  was t r i p l y  d i s t i l l e d  by th e  m a n u fa c tu re r  and 
t r i p l y  d i s t i l l e d  b e fo re  use  in  our la b o ra to r y .
I t  was th o u g h t p o s s ib le  a s  w e ll  a s  i n t e r e s t i n g  to  examine 
c r y s t a l l i n e  m ercury by th e  e le c t r o n  m ic ro sco p e , once a  s u i t a b le  
te c h n iq u e  f o r  p re p a r in g  th e  specim ens and t r a n s f e r r i n g  them  t o  th e  
e l e c t r o n  m icroscope had been  fo u n d , though  th e  t e c h n ic a l  d i f f i c u l t i e s  
t h a t  had to  be overcome to  make th e  ta s k  p o s s ib le  w ere f u l l y  a p p r e c ia te d .
2 .2 .  C ry s ta l  Growth A pparatus
The f i r s t  approach  to  make th e  p r o je c t  f r u i t f u l  was by m od ify ing  
S ea rs  (1953) te c h n iq u e  to  produce m ercury p l a t e l e t s  and w h is k e rs .
The d isa d v a n ta g e  o f  u s in g  S ea rs  te c h n iq u e  was t h a t  th e  c r y s t a l s  
p roduced  co u ld  n o t be ta k e n  o f f  th e  grow th s i t e ,  b ecau se  th e  c o n d e n sa tio n  
f in g e r  where th e  c r y s t a l s  grew was a t ta c h e d  a s  p a r t  o f  th e  grow th 
chamber and co u ld  n o t be d ism a n tle d . A nother grow th chamber was 
d es ig n ed  in  such  a  way t h a t  th e  co n d e n sa tio n  f in g e r  co u ld  be ta k e n  o f f  
from  th e  r e s t  o f  th e  a p p a ra tu s  a f t e r  th e  grow th o f  m ercury c r y s t a l s  had 
ta k en  p la c e .
The a p p a ra tu s  c o n s is te d  o f  a  vacuum u n i t  w hich had a  d i f f u s io n  
pump w ith  a speed  o f  350 l i t e r s / s e c o n d ,  backed  by a r o t a r y  pump t h a t
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had a d isp la cem e n t o f  184 l i t e r s / m i n u t e .  The u l t im a te  p re s s u re  cou ld  
go down to  5 x 10~7mmHg which was re a d  by a  p enn ing  gauge. The 
pumping u n i t  w hich was produced by N.G.N. o f  A c c rin g to n 9 in c o rp o ra te d  
a  c o ld  t r a p  to  in c re a s e  th e  e f f ic ie n c y  o f  th e  vacuum. The c r y s t a l  
grow th chamber f i g .  2 .1  which was made o f  p y rex  g la s s  c o n s is te d  o f  a 
rem ovable co n d en sa tio n  f in g e r  and a  m ercury  r e s e r v o i r  w hich was 
immersed in  a  b a th  o f  m ethy l a lc o h o l .  A nother c o ld  t r a p  was p la c e d  
betw een th e  grow th chamber and th e  vacuum u n i t  to  c a p tu re  any m ercury 
vapour t h a t  escaped  from  th e  grow th cham ber. The o u t l e t  o f  th e  vacuum 
u n i t  was ex h au sted  to  th e  o u ts id e  atm osphere v ia  a  t h i r d  c o ld  t r a p  in  
o rd e r  to  e l im in a te  any m ercury  vapour t h a t  m ight p o s s ib ly  e scap e  to  
th e  la b o ra to ry  room as  t h i s  co u ld  be v e ry  dang ero u s. The m ercury  
c r y s t a l  grow th p ro c e s s  was o b served  w ith  a  t r a v e l l i n g  m icroscope (20 x) 
th ro u g h  an o p t i c a l l y  f l a t  g la s s  window w hich was mounted in  th e  grow th 
cham ber. The g la ssw a re  was c le a n e d  by so ak in g  o v e rn ig h t in  a  s o lu t io n  
o f  chrom ic a c id  (CH03) and washed th o ro u g h ly  in  d i s t i l l e d  w a te r  f i r s t  
th e n  w ith  e th y l  a lco h o l. I t  was th e n  d r ie d  and baked in  an oven a t  
773°K f o r  12 h o u rs ,
2 .3 .  W hiskers and P l a t e l e t s
The m ercury r e s e r v o i r  te m p e ra tu re  T^ and th e  c o n d e n sa tio n  f in g e r
te m p e ra tu re  T were d e te rm in ed  by an a lc o h o l- g la s s  th e rm o m eter. T was c c
m a in ta in ed  a t  a  c o n s ta n t  v a lu e  o f  248°K w h ile  T was a llo w ed  t o  r i s er
from an i n i t i a l  te m p e ra tu re  o f  243°K. The p re s s u re  was alw ays k e p t 
a t  28 x io ” 7mmHg. When T^ reac h ed  te m p e ra tu re  o f  247°K w h isk e r shaped  
c r y s t a l s  began to  form  and grew in  a  d i r e c t io n  w hich made 90° w ith  th e  
s u b s t r a t e .  A t a T^ te m p e ra tu re  o f  258°K p l a t e l e t  shaped c r y s t a l s  
s t a r t e d  to  grow as  t i n y  s p o ts  f i r s t  th e n  t h e i r  s i z e  s t a r t e d  to  in c r e a s e .
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As T in c re a s e d  th e  number o f  p l a t e l e t s •in c re a s e d  up to  a  te m p e ra tu re  o f  
298 °K a t  w hich a l l  th e  g ro w th  p ro c e ss  c e a se d . The grow th chamber was 
th e n  i s o l a t e d  from th e  r e s t  o f  th e  a p p a ra tu s ,  a i r  was a d m itte d  and 
th e  co n d en sa tio n  f in g e r  was q u ic k ly  removed and d ipped  in  a  b a th  o f  
e th y l  a lc o h o l coo led  to  a  te m p e ra tu re  o f  193°K.
S to rag e  o f  th e  C ry s ta ls
The c r y s t a l s  were s to r e d  in  an a lc o h o l b a th  w hich was co o led  by 
d ry  ic e  and l i q u i d  n i t r o g e n .  The co n d en sa tio n  f in g e r  w ith  th e  w h isk e rs  
and p l a t e l e t s  was d ipped  in to  th e  a lc o h o l b a th  and a g i t a t e d  t o  r e l e a s e  
th e  p l a t e l e t s  and w h isk ers  w hich u s u a l ly  s e t t l e  on th e  bo ttom  o f  th e  
b a th .  By s t i r r i n g  th e  b a th ,  some c r y s t a l s  f lo a t e d  and w ere c o l l e c t e d  
and exam ined. I t  was found t h a t  th e  c o n v e n tio n a l method o f  c o o lin g  
th e  a lc o h o l by add ing  d ry  ic e  and l i q u i d  n it r o g e n  caused  s e r io u s  
d i f f i c u l t i e s  b ecause  o f  th e  im p u r i t ie s  th e y  in tro d u c e d  to  th e  a lc o h o l .  
These im p u r i t ie s  s e t t l e d  a t  th e  bottom  o f  th e  c o n ta in e r  and when th e  
b a th  was s t i r r e d  th e y  f lo a te d  w ith  th e  c r y s t a l s  making i t  d i f f i c u l t  
to  p ic k  o u t th e  c r y s t a l s  w ith o u t a  c o n s id e ra b le  amount o f  im p u r i t i e s .  
T h ere fo re  i t  was found n e c e s s a ry  to  co o l down th e  a lc o h o l  e x t e r n a l l y  
by im m ersing th e  c o n ta in e r  in  a  m ix tu re  o f  d ry  ic e  and l i q u i d  n i t r o g e n .
To p re v e n t th e  c o n ta in e r  b re a k in g  due to  th e  sudden change in  te m p e ra tu re
\
a  p o ly th e n e  b e a k e r was u sed  in s te a d  o f  a  g la s s  b e a k e r . C are was ta k e n  
to  p re v e n t any o f  th e  c o o la n ts  from  f a l l i n g  in  th e  a lc o h o l b a th .  The 
te m p e ra tu re  o f  th e  a lc o h o l b a th  was m a in ta in ed  a t  193°K.
O p tic a l M icroscopy
A p art from  o b se rv in g  th e  p l a t e l e t s  by a  t r a v e l l i n g  m icroscope  
w hich p ro v id ed  v e ry  low m a g n if ic a tio n  (Volmer and E asterm ann 1921 and 
S ea rs  1953), o p t i c a l  m icroscopy has  n o t  been u n d e rta k en  b e f o r e .  I t  was
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th o u g h t u s e fu l  to  a t te m p t an ex am in a tio n  o f  th e  p l a t e l e t s  by a  more 
p o w erfu l l i g h t  m icroscope a s  t h i s  co u ld  p ro v id e  some i n t e r e s t i n g  
in fo rm a tio n  which was n o t known b e fo re ,  A c e l l 5 f i g .  2 .2 ,  was d e s ig n e d  
to  meet t h i s  p u rp o se ; i t  c o n s is te d  o f  two c y l in d e r s ,  th e  in n e r  w ith  a 
d ia m e te r  o f  1 .5  cm and th e  o u te r  © ith  a  d ia m e te r  o f  8 cm. The in n e r  
c y l in d e r  was f i t t e d  w ith  a  g la s s  b ase  i n to  which p l a t e l e t s  f l o a t i n g  
in  c o ld  a lc o h o l were p o u red . The o u te r  was made to  h o ld  d ry  ic e  in  
o rd e r  to  keep th e  te m p e ra tu re  o f  th e  in n e r  c y l in d e r  c o n s ta n t  a t  
ap p ro x im ate ly  203°K. T his c e l l  was made to  f i t  th e  " R e ic h e r t  p r o je c t io n  
m icroscope" w hich has th e  advan tage o f  o p e ra t in g  in  th e  r e f l e c t i o n  o r  
tr a n s m is s io n  mode. I t s  m a g n if ic a tio n  can go up to  2600 x  u s in g  an 
o i l  im m ersion o b je c t iv e  l e n s .  I t  was found n e c e ss a ry  to  sp ra y  th e  
g la s s  base  o f  th e  in n e r  c y l in d e r  w ith  a  la y e r  o f  g ly c e r o l  t o  p re v e n t  
f r o s t  from form ing  on i t s  s u r f a c e ,  a lth o u g h  t h i s  l im i te d  th e  r e s o lu t io n  
o f  th e  im age. I t  was n o t  p o s s ib le  to  exam ine th e  p l a t e l e t s  u n d e r 
h ig h  m a g n if ic a tio n  because  th e  o i l  im m ersion o b je c t iv e  co u ld  n o t  be 
used  due to  th e  f a c t  t h a t  th e  o i l  (x y le n e )  f ro z e  a t  low te m p e ra tu re  
and became opaque.
2 .6 .  The E lc tro n  M icroscope
The tra n s m is s io n  e le c t r o n  m icroscope used  in  t h i s  p r o j e c t  was a 
JEM 120 which has th e  f a c i l i t y  o f  o p e ra t in g  a t  an a c c e le r a t in g  v o lta g e  
o f  120 KV, w hich i s  more e f f e c t iv e  th a n  a  m icroscope t h a t  o p e ra te s  a t  
a  v o lta g e  o f  100 KV, p a r t i c u l a r l y  f o r  a  p r o je c t  t h a t  d e a ls  w ith  
co m p a ra tiv e ly  heavy and th ic k  sp ec im en s, s in c e  an a c c e le r a t in g  v o l ta g e  
o f  120 KV c o u ld  enhance th e  t r a n s m i s s i b i l i t y .  This in s tru m e n t h a s  an 
a n t i  co n tam in a tio n  d ev ice  t h a t  red u ce d  th e  specim en c o n ta m in a tio n .
o
A r e s o lu t io n  o f  3 .4  A was p o s s ib le  w ith  t h i s  m icroscope (Rudman and 
Leong 1969). I t s  d i r e c t  m a g n if ic a t io n  a t  120 KV i s  600 x 'v 200000 x .
A v e ry  im p o rta n t a ttach m en t w ith  t h i s  m icroscope was th e  t i l t a b l e  
tra n s m is s io n  c o ld  s ta g e  t h a t  red u ced  th e  specim en te m p e ra tu re  down 
to  113°K and th e  m a n u fa c tu re rs  c la im  t h a t  i t  can be t i l t e d  ± 10° 
around th e  x and y a x e s . The specim en h o ld e r  f i g .  2 .3  i s  un ique  
and i t  c o n s is te d  o f  fo u r  p a r t s 9 th e  body , th e  s p a c e r  r i n g ,  th e  specim en 
g r id  and th e  specim en h o ld e r  c a p , th e  specim en sandw iched betw een two 
g r id s  p la c e d  in  th e  specim en h o ld e r  cap , th e  sp a c e r  r in g  sh o u ld  be 
p la c e d  on to p  and th e  body must be screw ed in  th e  cap . I t  i s  i n s e r t e d  
in  th e  m icroscope by a  hooked ro d  t h a t  c la sp e d  th e  u p p er p a r t  o f  
th e  body, v ia  an a i r  lo c k .  The cam era le n g th  o f  t h i s  m icroscope was 
d e term ined  u s in g  T h a llo u s  c h lo r id e  T1C1 w hich was e v a p o ra te d  on a  
copper g r id .
2 .7 .  E le c tro n  M icroscopy
The p l a t e l e t s  and w h isk e rs  were s to r e d  in  a b a th  o f  a lc o h o l a s  
d e s c r ib e d  in  2 .4 .  The f i r s t  method u sed  t o  t r a n s f e r  th e  c r y s t a l s  from  
th e  b a th  to  th e  e l e c t r o n  m icroscope was by s t i r r i n g  th e  b a th  and 
scoop ing  th e  c r y s t a l s  o n to  a  g r id  h e ld  by a  p a i r  o f  tw e e z e rs . The 
g r id  was th e n  p la c e d  in  th e  p re -c o o le d  specim en h o ld e r  and  p la c e d  in  
a  s p e c ia l  a tta ch m en t f i g .  2 .4  w hich was d es ig n ed  to  c o o l th e  specim en 
d u rin g  t r a n s f e r  to  the  e le c t r o n  m icro sco p e . T h is te c h n iq u e  was found  
to  be u n su c c e s s fu l becau se  a  f i lm  o f  a lc o h o l co v ered  th e  specim en and 
once i t  was in  th e  m icroscope i t  c r y s t a l l i z e d  and made e l e c t r o n  
m icroscopy  o f  C r y s ta l l in e  Mercury im p o s s ib le .
D ra in in g  th e  a lc o h o l p re s e n te d  a n o th e r  p rob lem . F ro s t  form ed 
on th e  g r id  im m ediate ly  a f t e r  th e  a lc o h o l was rem oved. T h is  c o u ld  n o t  
be av o ided  no m a tte r  how s h o r t  th e  p e r io d  betw een rem oving th e  a lc o h o l
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and in s e r t i n g  th e  specim en in s id e  th e  m icroscope.
An a tte m p t was made to  grow th e  c r y s t a l s  d i r e c t l y  on a  carbon  
o
co a ted  (200 A th ic k )  g r id  a t ta c h e d  to  th e  co n d en sa tio n  f in g e r  by a  
b e l t  o f  0 .0 1  Kin P t w ire .  The carbon  la y e r  su p p o rte d  th e  specim en 
( p o s s ib ly  a l s o  a c t in g  a s  a  s u b s t r a t e  f o r  c r y s t a l  n u c le a t io n ) .  As 
in  th e  p re v io u s  ex p erim en t th e  grow th o f  p l a t e l e t s  and w h isk e rs  were 
o b served  th ro u g h  an o p t i c a l l y  f l a t  g la s s  window by th e  a id  o f  a 
t r a v e l l i n g  m ic ro sco p e . The te m p e ra tu re  o f  th e  r e s e r v o i r  (T ) was 
a llo w ed  to  r i s e  from  an i n i t i a l  v a lu e  o f  243°K w h ile  th e  te m p e ra tu re  
o f  th e  co n d e n sa tio n  f in g e r  was m a in ta in e d  a t  a  c o n s ta n t  v a lu e  o f  
211°K. When (Tr ) re a c h e d  a  v a lu e  o f  263°K p l a t e l e t s  s t a r t e d  grow ing 
to  a  s i z e  s m a l le r  th a n  t h a t  o b ta in e d  w ith  a  g la s s  s u b s t r a t e .  I t  has 
been found th a t  t h i s  method was u n s u i ta b le ,  because  by th e  tim e th e  
g r id  was removed from  th e  co n d en sa tio n  f in g e r  and p la c e d  in  th e  
specim en h o ld e r  cap , f r o s t  had form ed on th e  g r id .  A lso in  many c a se s  
th e  c r y s t a l s  m e lted  b e fo re  p la c in g  th e  g r id  in  th e  specim en h o ld e r  c a p .
Growing th e  c r y s t a l s  by h av in g  th e  specim en h o ld e r  (w ith  a  ca rb o n  
c o a te d  g r id )  mounted in  a  co n d e n sa tio n  f i n g e r ,  made to  m eet t h i s  
pu rpose  d id  n o t overcome th e  f r o s t  co n tam in a tio n  p rob lem .
I t  was th o u g h t b e s t  to  t r y  k eep in g  th e  specim en h o ld e r  w ith  th e  
p l a t e l e t s  u nder vacuum as long  as  p o s s ib le  and n o t  to  expose i t  t o  a i r  
u n le s s  f o r  a  v e ry  s h o r t  p e r io d .  That was done by d e s ig n in g  a  new grow th 
cham ber f i g .  2 .5  in s id e  w hich th e  specim en h o ld e r  was p la c e d  in  a  n ic k e l  
c e l l  coo led  by l i q u i d  n i t r o g e n .  The c o n d en sa tio n  f in g e r  was o f  p y rex  
g l a s s , th e  m ercury  r e s e r v o i r  was made from  am algam ated copper in  th e  
shape o f  a  pan , and i t s  base  was immersed in  a  b a th  o f  a lc o h o l  to  v a ry  
th e  r e s e r v o i r  te m p e ra tu re . The c r y s t a l  grow th was o b se rv ed  th ro u g h
windows f ix e d  on each  fa c e  o f  th e  cham ber. A f te r  th e  c r y s t a l s  w ere 
grown th e  specim en h o ld e r  was removed from  th e  n ic k e l  c e l l  and p la c e d  
b e n e a th  th e  co n d en sa tio n  f in g e r  by a hooked shape ro d  s im i la r  to  t h a t  
used in  th e  e le c t r o n  m ic ro sco p e . The co n d e n sa tio n  f in g e r  was th e n  
shaken  a few tim e s  so t h a t  th e  p l a t e l e t s  would f a l l  on th e  g r id .
A f te r  a  s u f f i c i e n t  number o f  p l a t e l e t s  had f a l l e n  on th e  g r id  th e  
specim en h o ld e r  was p la c e d  back  in  th e  c o ld  c e l l  and th e  w hole grow th 
chamber was d isc o n n e c te d  from  th e  r e s t  o f  th e  a p p a ra tu s ,  k e p t under 
vacuum and ta k e n  t o  th e  e l e c t r o n  m icroscope room where th e  specim en h o ld e r  
was ta k e n  o f f  th e  grow th chamber and q u ic k ly  in s e r t e d  in  th e  m ic ro sco p e . 
T h is  te c h n iq u e  was a l s o  u n su c c e s s fu l becau se  f r o s t  a g a in  form ed on th e  
specim en g r id .
A nother experim en t u s in g  a  s p e c ia l  a tta ch m en t f i g .  2 .6  was 
p erfo rm ed . The a ttach m en t c o n s is te d  o f  a copper c y l in d e r  t h a t  c o n ta in e d  
a  c o ld  te rm in a l  which was connec ted  to  a  l i q u id  n i t ro g e n  r e s e r v o i r .
The specim en h o ld e r  was p la c e d  in s id e  th e  te rm in a l .  One end o f  th e  
c y l in d e r  was made so t h a t  i t  co u ld  be  co n n ec ted  to  th e  vacuum u n i t  and 
to  th e  m icroscope column a s  w e ll ;  an a i r  lo c k  was p la c e d  so  t h a t  i t  
co u ld  i s o l a t e  th e  p a r t  o f  th e  c y l in d e r  t h a t  c o n ta in e d  th e  specim en 
h o ld e r .  The o th e r  end o f  th e  c y l in d e r  was f ix e d  w ith  a  lo n g  hooked ro d  
w hich co u ld  p ic k  up th e  specim en h o ld e r  and p la c e  i t  b e n e a th  th e  
co n d e n sa tio n  f in g e r  and a t  th e  same tim e  i n s e r t  th e  specim en h o ld e r  
i n to  th e  specim en s ta g e  in  th e  e l e c t r o n  m ic ro sco p e . The p l a t e l e t s  
a f t e r  b e in g  grown on a  g la s s  s u b s t r a t e  cou ld  be sc ra p e d  o n to  th e  
specim en g r id  by a s c ra p e r  lo c a te d  on th e  o th e r  s id e  o f  th e  grow th 
cham ber. A f te r  a  s u f f i c i e n t  number o f  p l a t e l e t s  had f a l l e n  o n to  th e  
g r id  th e  specim en h o ld e r  was w ithdraw n and p la c e d  back in  th e  c o ld
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te rm in a l ,  th e  c y l in d e r  was th en  i s o l a t e d  by th e  a i r l o c k  and a i r  was 
a d m itte d  to  th e  grow th chamber and to  th e  r i g h t  s id e  o f  th e  c y l in d e r ,  
keep in g  th e  s id e  t h a t  c o n ta in e d  th e  specim ens under vacuum. The c y l in d e r  
was th e n  tak en  to  th e  m icroscope room and connec ted  to  th e  colum n. A ir  
was th e n  pumped o u t  from th e  neck o f  th e  c y l in d e r  by th e  m icroscope pumps,
th e  a i r lo c k  was opened and th e  whole system  was p la c e d  u nder vacuum. The
specim en h o ld e r  was th e n  t r a n s f e r r e d  from th e  c o ld  te rm in a l  t o  th e
m icroscope co ld  s ta g e .  The column door was c lo se d  and th e  t r a n s f e r  
mechanism was d isc o n n e c te d  from  th e  m icro sco p e . By u s in g  t h i s  te c h n iq u e  
i t  was found th a t  th e  p l a t e l e t s  w ere n o t  f irm ly  f ix e d  on to  th e  g r id  and 
when th e  e l e c t r o n  beam was fo cu ssed  on to  any one o f  them  i t  v e ry  q u ic k ly  
m e lte d , t h i s  s t r e s s e d  th e  n e c e s s i ty  o f  h av in g  th e  specim en sandw iched 
betw een two g r id s  in  o rd e r  to  in s u re  th e  b e s t  p o s s ib le  th e rm a l c o n ta c t .  
S in ce  i t  was n o t  p o s s ib le  to  p u t  a n o th e r  g r id  on to p  o f  th e  specim ens 
w ith  t h i s  te c h n iq u e . A nother method had  to  be found.
At t h i s  s ta g e  o f  th e  p r o j e c t  i t  was r e a l i z e d  t h a t  to  u n d e rta k e  any 
e le c t r o n  m icroscopy o f  m ercury c e r t a in  c o n d it io n s  m ust be f u l f i l l e d .
F i r s t ,  i t  was n e c e s sa ry  to  a v o id  any form o f  co n ta m in a tio n  e i t h e r  from  
th e  atm osphere o r  from th e  s to ra g e  e le m e n ts . Second, th e  c r y s t a l s  had 
to  be  sandw iched betw een two g r id s  to  av o id  m e ltin g  them . T h ird , t r a n s ­
f e r r i n g  th e  p l a t e l e t s  from th e  grow th s i t e  to  th e  e l e c t r o n  m icroscope  was 
a v ery  d i f f i c u l t ,  f r u s t r a t i n g  and tim e consum ing te c h n iq u e  due t o  th e  t i n y  
s i z e  o f  th e  specim ens w hich made t h e i r  h a n d lin g  d i f f i c u l t .  F o u r th , 
b ecause  th e  c r y s ta l s  w ere l i q u id  a t  room te m p e ra tu re  a l l  th e  work had  to  
be done w ith in  th e  te m p e ra tu re  ran g e  203°K to  193°K. F i f t h ,  th e  specim ens 
had to  be th in  enough f o r  th e  e le c t r o n s  to  p a s s  th ro u g h  and s in c e  m ercury
o
i s  a  heavy m e ta l,  th e  c r y s t a l s  had  to  be e x c e p t io n a l ly  t h in  (600  A
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^  400 A) to  make th e  p r o je c t  p o s s ib le .
2 .8 .  H ea tin g  th e  specim en c o ld  s ta g e
I t  was a p p re c ia te d  t h a t  s o l id  a lc o h o l i s  e a s i e r  to  e l im in a te  th a n  
f r o s t  le a v in g  a c r y s t a l l i n e  specim en f r e e  from any s i g n i f i c a n t  c o n ta ­
m in a tio n  , because  to  e l im in a te  f r o s t  needed a  r i s e  in  th e  specim en 
te m p e ra tu re  o f  up to  273°K (m e ltin g  p o in t  o f  i c e ) ,  lo n g  b e fo re  which 
th e  m ercury specim ens would re a c h  t h e i r  m e ltin g  p o in t  (233°K ), w h ile  
a lc o h o l needed a  te m p e ra tu re  o f  156°K to  become l i q u id  and t h i s  i s  w e ll  
w ith in  th e  f r e e z in g  p o in t  o f  m ercury . E lim in a tin g  th e  a lc o h o l  had to  be 
done under c e r t a in  c o n d it io n s  such t h a t  no o th e r  co n ta m in a tio n  would form  
when th e  a lc o h o l d isa p p e a re d . Hence an  a n a l y t i c a l l y  r e f in e d  a lc o h o l  was 
used  and th e  ex p erim en ts  were perfo rm ed  in s id e  th e  m icroscope to  a v o id  th e  
fo rm a tio n  o f  f r o s t .  As th e  c o ld  s ta g e  in  th e  e le c t r o n  m icroscope  used  
can e i t h e r  o p e ra te  a t  room te m p e ra tu re  o r  a t  a f ix e d  low te m p e ra tu re  o f  
113°K and t h i s  i s  o f  co u rse  w e ll below  th e  f r e e z in g  p o in t  o f  a lc o h o l  a 
method had t o  be found to  r a i s e  th e  specim en c o ld  s ta g e  te m p e ra tu re  t o  
around  th e  m e ltin g  p o in t  o f  a lc o h o l .
H irsch  e t  a l  1965 d e s c r ib e d  a  c o ld  s ta g e  f o r  a  JEM6c w ith  a  
te m p e ra tu re  ran g e  w hich co u ld  be c o n t ro l le d  by a sm a ll h e a t e r .  I t  was 
found p o s s ib le  to  in tro d u c e  a  s im i la r  h e a te r  to  th e  c o ld  s ta g e  o f  th e  
JEM120.. T h is  h e a te r  d id  h e lp  in  v a ry in g  th e  te m p e ra tu re  ra n g e .  B efo re  
p ro c e e d in g  w ith  o u r m ercury in v e s t ig a t io n  t h i s  s e t  up was c a l i b r a t e d  and 
th e n  checked w ith  a  cadmium specim en , w hich was f i r s t  exam ined and th e n  
covered  w ith  a la y e r  o f  a lc o h o l and p u t  back in  th e  e l e c t r o n  m ic ro sc o p e , 
where th e  h e a te r  was a p p l ie d  to  r a i s e  th e  c o ld  s ta g e  te m p e ra tu re  up to  
183°K, w ith  th e  a id  o f  th e  pumps in  th e  m icroscope th e  a lc o h o l  was
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e v a p o ra te d . I t  was found t h a t  no s i g n i f i c a n t  t r a c e  o f  c o n ta m in a tio n  was 
l e f t  a f t e r  th e  a lc o h o l had been e v a p o ra te d . T h is  method was th e  o n ly  
p o s s ib le  way o f  hav ing  a lc o h o l in  th e  l i q u id  s t a t e  w h ile  k eep in g  m ercury  
in  th e  c r y s t a l l i n e  s t a t e ,  though i t  must be em phasized t h a t  th e  p ro c e s s  
was a  v e ry  p ro lo n g ed  one due to  th e  f a c t  t h a t  a lc o h o l had to  be e v a p o ra te d  
a t  a v e ry  low te m p e ra tu re .
2 .9 .  M ercury P l a t e l e t s  T h ickness
A f te r  overcom ing th e  most d i f f i c u l t  o b s ta c le ,  o f  e l im in a t in g  th e  
a lc o h o l c o n ta m in a tio n , th e  t r i a l s  o f  exam ining  m ercury p l a t e l e t s  were 
resum ed. I t  was found th e n  t h a t  a lth o u g h  th e s e  p l a t e l e t s  were f r e e  
from any s i g n i f i c a n t  c o n tam in a tio n  th e y  were to o  th ic k  f o r  t r a n s m is s io n  
e le c t r o n  m icroscopy , though  d i f f r a c t i o n  p a t t e r n s  were s u c c e s s f u l ly  
o b ta in e d  and th e y  showed no t r a c e  o f  c o n ta m in a tio n . These d i f f r a c t i o n  
p a t t e r n s  were used  to  d e te rm in e  th e  grow th b eh av io u r o f  m ercury  p l a t e ­
l e t s  and w h isk e rs .
2 .1 0 . Hammering
B ea tin g  a m e ta l m e c h an ic a lly  to  make i t  t h i n  f o r  e l e c t r o n  m ic ro ­
scopy has been done b e fo re  (H irsc h  e t  a l  1954) w ith  s h e e ts  o f  g o ld  w hich 
was hammered to  a  th ic k n e s s  o f  0 .1  p . When th e  hammering te c h n iq u e  was 
used  t o  p re p a re  specim ens f o r  t r a n s m is s io n  e le c t r o n  m icroscopy  p u rp o se s  
i t  was n o rm ally  fo llo w ed  by e le c t r o p o l i s h in g  o r  ch em ica l p o l i s h in g  o r  io n  
bombardm ent.
Hammering o f  m ercury was a tte m p te d  to  o b ta in  specim ens w hich were 
th i n  enough f o r  e le c t r o n  m icroscopy .
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M ercury was f ro z e n  on a  P .T .F .E . s h e e t  co o led  by l i q u id  n i t r o g e n  
and s o l i d  carbon d io x id e  to  a te m p e ra tu re  o f  193°K. The specim en was 
hammered c o n tin u o u s ly  u n t i l  i t  became so  th i n  t h a t  i t  w ould n o t  undergo 
any f u r th e r  d e fo rm a tio n . D uring t h i s  p ro c e s s  f r o s t  a g a in  formed^ b low ing  
c o ld  n i t r o g e n  gas on th e  specim en d id  n o t  p re v e n t f r o s t  fo rm a tio n .
Hammering was th e n  done u nder a lc o o h o l. The specim en a f t e r  b e in g  
hammered as  much as p o s s ib le  was th e n  mounted in  th e  specim en h o ld e r  
and t r a n s f e r r e d  to  th e  e le c t r o n  m icroscope keep in g  i t  co v ered  w ith  a 
f in e  la y e r  o f  a lc o o h o l. Then th e  h e a te r  was a p p lie d  to  r a i s e  th e  
specim en te m p e ra tu re  up to  183°K f o r  abou t 45 m inu tes to  e l im in a te  a l l  
th e  a lc o o h o l. I t  was found t h a t  hammering d id  n o t  p ro v id e  specim ens 
w hich were th in  enough f o r  e le c t r o n  m icroscopy p u rp o se s .
2 .1 1 . O ther Methods
V arying th e  growth c o n d itio n s  in  p re p a r in g  specim ens from  th e  
vapour u s u a l ly  r e s u l t s  in  o b ta in in g  d i f f e r e n t  shapes o f  specim ens and 
hence som etim es d i f f e r e n t  th ic k n e s s  (B uckley  1958). An a tte m p t was 
made to  o b ta in  th i n  specim ens by chang ing  th e  r e s e r v o i r  te m p e ra tu re .
Growth was s t a r t e d  w ith o u t c o o lin g  down th e  r e s e r v o i r  te m p e ra tu re  i . e .  
room te m p e ra tu re , m a in ta in in g  th e  co n d en sa tio n  f in g e r  te m p e ra tu re  a t  
211°K. I t  r e s u l t e d  in  a  f a s t e r  r a t e  o f  g row th , b u t  th e  specim en th ic k n e s s  
was n o t  l e s s  th a n  b e f o r e ,  in  f a c t  i t  ap p ea red  to  be t h i c k e r ,  f o r  no 
d i f f r a c t i o n  p a t t e r n s  were p o s s ib le  to  be o b ta in e d .
C u ttin g  th e  grow th p ro c e ss  ( i . e .  n o t  a llo w in g  th e  p l a t e l e t s  to  grow 
betw een th e  te m p e ra tu re  range  o f  248-298°K) by te rm in a t in g  i t  a t  a  tem pera­
tu r e  o f  273°K. The r e s u l t  was n o t  en co u rag in g  and th e  specim ens exam ined 
were a g a in  to o  th ic k  f o r  tr a n s m is s io n  e le c t r o n  m icro sco p y , y e t  d i f f r a c t i o n  
p a t te r n s  were p o s s ib le  to  o b ta in  and th e y  re v e a le d  t h a t  a l l  th e  specim ens
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had one grow th mode; t h i s  w i l l  be  r e p o r te d  and d is c u s s e d  in  c h a p te r s  3 
and 4.
Changing th e  s u b s t r a t e  from  g la s s  to  copper r e s u l t e d  in  specim ens w ith  
a lm o st th e  same th ic k n e s s ,a l s o  a  s t a i n l e s s  s t e e l  s u b s t r a te  was used  and 
showed no s i g n i f i c a n t  d i f f e r e n c e .
2 .1 2 .  E le c t ro p o l is h in g
An e l e c t r o p o l i s h in g  s o lu t io n  c o n s is t s  e s s e n t i a l l y  o f  an o x id iz in g
ag e n t and a s o lv e n t  f o r  th e  p ro d u c ts  o f  o x id a t io n .  The o x id iz in g  a g e n t
may be a  com bination  o f  s e v e r a l  chem ica l compounds. The a c t u a l  mechanism
o f  e l e c t r o p o l i s h in g  i s  s t i l l  u n c e r ta in ,  though i t  i s  one o f  th e  m ost
common te c h n iq u e s  in  use f o r  th e  p r e p a r a t io n  o f  specim ens f o r  tr a n s m is s io n
e le c t r o n  m icroscopy . The perfo rm ance o f  an e le c tro p o l is h ® ^ " s o lu t io n  can
b e s t  be p re s e n te d  by a  curve f i g .  2 .8 .  The p a r t  o f  th e  cu rve  from  a  to  b
i s  a s s o c ia te d  w ith  a t ta c k  a t  th e  m ost r e a c t iv e  p o in ts  on th e  anode. The
le n g th  pd r e p r e s e n ts  th e  w e l l  known Tp o l is h in g  p l a t e a u f where th e  anode
r a p id ly  d evelops a  h ig h  p o l i s h ,  w h ile  on th e  le n g th  de th e  p o l i s h in g
a c t io n  i s  s t i l l  m a in ta in ed  b u t th e  sm oothness o f  th e  specim en te n d s  to  be
s p o i l t  by gas e v o lu tio n  a t  th e  anode. C o n v en tio n a l e l e c t r o p o l i s h in g  i s
c . . . .c a r r i e d  o u t on th e  p la te a u  i d ,  b u t  i t  i s  im p o rta n t to  n o te  m  th e  
e v a lu a tio n  o f  an e l e c t r o l y t e  t h a t  t h i s  p la te a u  i s  o n ly  p r e s e n t  i f  th e  
ca thode  a re a  i s  la rg e  compared w ith  th e  anode a r e a ,  and t h a t  in  some 
e l e c t r o l y t e s  th e  p la te a u  i s  on ly  p r e s e n t  i f  th e  anode p o t e n t i a l  i s  p l o t t e d  
r a t h e r  th an  th e  v o lta g e  a c ro s s  th e  te rm in a l  o f  th e  c e l l .
E le c t r o p o l is h in g  o f  m ercury was u n d ertak en  a s  an a t t e n p t  to  
produce th in n e r  specim ens. A number o f  e l e c t r o l y t e s  were t r i e d ,  in c lu d in g  
h y d ro f lu o r ic  a c id ,  h y d ro c h lo r ic  a c i d ,  p h o sp h o ric  a c id  and a  n i t a l  s o lu t io n  
(80% a lc o o h o l and 20% n i t r i c  a c id ) .  The l a t t e r  was th e  most s u i t a b l e  f o r
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e le c t r o p o l i s h in g  m ercury . The n i t a l  was k e p t a t  low te m p e ra tu re  w ith  
th e  a id  o f  a b a th  c o n ta in in g  a lc o h o l and l i q u id  n i t r o g e n .  M ercury was 
fro z e n  and hammered b e fo re  b e in g  e le c t r o p o l i s h e d  and w ith  a  p a i r  o f  
tw e e z e rs  i t  was d ipped  in to  th e  s o lv e n t  and a  v e ry  sm a ll c u r r e n t  p a sse d  
th ro u g h  up to  a v o lta g e  o f  20 v o l t s .  When th e  v o lta g e  was in c re a s e d  
above 20 v o l t s  th e  specim en m elted  where i t  was jo in e d  w ith  th e  tw e e z e rs ,  
due to  th e  h e a t  g e n e ra te d  by th e  c u r r e n t .  To overcome t h i s  problem  a 
number o f  methods was u se d , th e  m ost s u i t a b l e  one was t h a t  o f  p a s s in g  th e  
c u r r e n t  th ro u g h  a  c o ld  te rm in a l  b e fo re  i t  was p a sse d  to  th e  specim en .
The s e t  up f i g .  2 3 "  w hich c o n s is te d  o f  a c y l in d r i c a l  r e s e r v o i r  v d th  a  screw  
f i t t e d  on i t s  b a s e ,  th e  upper p a r t  o f  th e  screw  was covered  w ith  a  l a y e r  o f  
f o r to l a c  and th e  low er p a r t  was d ipped  in  l i q u id  m ercury c o n ta in e d  in  a 
sm a ll v e s s e l ,  The m ercury  was th e n  f ro z e n  around  th e  screw  and i t s  b ase  
hammered a s  much a s  p o s s ib le .  T h is  arrangem ent f a c i l i t a t e d  th e  in c re a s e  
o f  v o lta g e  w ith o u t m e ltin g  th e  specim en . The c u r r e n t  was re c o rd e d  on a  
m icroam m eter. I t  has been found n e c e s sa ry  to  in c re a s e  th e  v o l ta g e  by s te p s  
o v e r long  p e r io d s  o f  tim e to  become c e r t a in  o f  th e  e f f e c t  b ecau se  when th e  
v o lta g e  was in c re a s e d  each  s te p  was accom panied by a sudden and n o t ic e a b le  
d e f le c t io n  in  th e  ammeter re a d in g  w hich re g a in e d  i t s  norm al r e a d in g  a f t e r  
a  p e r io d  o f  3-4 m in u te s . A ll  o th e r  f a c t o r s  such a s  th e  d is ta n c e  betw een 
th e  anode and c a th o d e , th e  te m p e ra tu re  o f  th e  s o lv e n t  and th e  ty p e  o f  
ca thode had to  be c a r e f u l ly  c o n t r o l le d ;  d i f f e r e n t  d i s ta n c e s ,  o p e ra t in g  
te m p e ra tu re s  and ty p e s  o f  c a th o d e s , were u sed . I t  was found t h a t  th e  b e s t  
c o n d it io n s  w ere: 6 cm d is ta n c e  betw een th e  ca th o d e  and anode , a  tem p era ­
tu r e  o f  213°K and 18 /8  s t a i n l e s s  s t e e l  c a th o d e . P o l is h in g  to o k  p la c e  a t  
a v o lta g e  o f  41 v o l t s ,  a  c u r r e n t  o f  34 ma and a  s o lu t io n  te m p e ra tu re  o f  
213°K. I t  was found t h a t  a  24 hou r o ld  n i t a l  s o lu t io n  made from  m ethy l 
a lc o h o l in s te a d  o f  e th y l  a lc o h o l p ro v id e d  a  b e t t e r  and f a s t e r  r e a c t io n .
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Adding l i q u id  n i t ro g e n  to  th e  a lc o h o l r e s e r v o i r  caused  a n o t ic e a b le  
f l u c t u a t i o n  in  th e  ammeter re a d in g  w hich re g a in e d  i t s  o r ig i n a l  p o s i t io n  
a f t e r  two to  th r e e  m in u te s . I t  was v e ry  im p o rta n t to  keep th e  n i t a l  
s o lu t io n  un ifo rm  so an e l e c t r i c  s t i r r e r  was u sed .
The p o lish e d  specim en was c u t  from  th e  bu lk  under c o ld  (213°K) 
a lc o h o l ,  th e n  washed th o ro u g h ly , mounted in  th e  specim en h o ld e r  betw een 
two g r id s ,  th e n  t r a n s f e r r e d  to  th e  e le c t r o n  m icroscope f o r  ex am in a tio n . 
B ecause r e s u l t s  were n o t r e p ro d u c ib le  and in  view  o f  th e  tim e  in v o lv ed  
in  p ro d u c in g  a specim en i t  was d ec id ed  to  c o n c e n tra te  th e  work on p l a t e ­
l e t s  .
2 .1 3 . D eform ation  o f  P l a t e l e t s
I t  has been m entioned  in  2 .9  t h a t  t h i n  f o i l s  o f  g o ld  w ere p o s s ib le  
to  o b ta in  by b e a t in g  fo llo w ed  by ch em ica l p o l i s h in g  (H irsc h  e t  a l  1954).
In  t h i s  and most o th e r  d e fo rm a tio n  p r e p a r a t io n  te c h n iq u e s  a  c o ld  worked 
sam ple i s  produced  w hich r e s u l t e d  in  h e a v i ly  worked specim ens (B elk  and 
D avies 1968).
I t  x^as found t h a t  th e  m ost s u i t a b le  method to  o b ta in  t h in  specim ens 
o f  c r y s t a l l i n e  m ercury was by deform ing th e  p l a t e l e t s  under low tem p era ­
tu r e  (203°K ), w h ile  th e  specim ens were k ep t in  th e  a lc o h o l  b a th ,  by 
p r e s s in g  th e  p l a t e l e t s  w ith  a  co ld  ro d .  The same p ro ced u re  o f  e v a p o ra tin g  
th e  a lc o h o l in s id e  th e  e le c t r o n  m icroscope was fo llo w e d . A lthough t h i s  
method p ro v id ed  specim ens which were t h i n  enough f o r  e le c tro m  m ic ro sco p y , 
th e  specim ens examined were h e a v i ly  deform ed. I t  m ust be em phasized h e re  
t h a t  th e  d e fo rm a tio n  was done m ain ly  in  an a t te m p t to  p roduce m ercury  
c r y s t a l s  w hich were t h i n  enough f o r  t r a n s m is s io n  e le c t r o n  m icroscopy  and 
though th e  u l t im a te  r e s u l t  p ro v id ed  some i n t e r e s t i n g  and v a lu a b le
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in fo rm a tio n  , th e  o b s e rv a tio n s  were l im i te d  to  th e  s tu d y  o f  deform ed 
c r y s t a l s .  I t  was n o t found p o s s ib le  to  o b ta in  p ic tu r e s  o f  undeform ed 
sp ec im en s.
2 ,1 4 , O r ie n ta t io n  o f  Specimens
Two methods were used  to  in d e x  th e  p l a t e l e t  and w h isk e r d i f f r a c t i o n  
p a t t e r n s  (and  hence to  o r i e n t  th e  c r y s t a l s  and d e te rm in e  t h e i r  grow th 
b e h a v io u r) .  T h e . f i r s t : -
2 .1 4 .1 .  D e te rm in a tio n  o f  th e  cam era c o n s ta n t  and c o n s tru c t io n  o f  th e  
r e c ip r o c a l  l a t t i c e  p r o je c t io n s
C o n s id e rin g  a c o n v e n tio n a l e l e c t r o n  d i f f r a c t i o n  cam era w ith  no 
e le c t r o n  le n s e s  a f t e r  th e  specim en , th e  p o s i t i o n  o f  a d i f f r a c t i o n  sp o t 
( f o r  p la n e s  o f  sp ac in g s  d) on the p h o to g ra p h ic  p la te  i s  g iv en  by R = AL/d, 
where R i s  th e  d is ta n c e  betw een a  d i f f r a c t i o n  sp o t and th e  c e n t r a l  s p o t ,  
d th e  in t e r p la n a r  sp ac in g  w hich was c a lc u la te d  ( t a b l e  2 ,1 )  f o r  d i f f e r e n t  
p la n e s  in  th e  m ercury l a t t i c e  ( i n v e s t ig a t io n  o f  p re v io u s  work by D .J .
Bacon 1965 i s  d is c u s s e d  in  append ix  I ) .  As m ercury b e lo n g s  to  th e  Rhombo- 
h e d ra l s t r u c t u r e  g ro ip  (w ith  an a x i a l  a n g le  ct eq u a l to  98°21 .8  a t  78°K 
and l a t t i c e  param en te r Ha H e q u a l to  4.5785°A ) th e  p e rp e n d ic u la r  d is ta n c e  
ndn betw een p la n e s  (hkft) i s  g iven  by
1 _ (h 2+k2t&2 ) s ln 2CH-2(hk+k&+hfl)(cos2a--cosa) 
d2 a 2 ( l - 3 c o s 2a+ 2cos3a)
The v a lu e s  o f d w e r e  computed fo r  p la n e s  w ith  M il le r  in d ic e s  from  3 to  3.
A i s  th e  w aveleng th  o f  th e  e le c t r o n s  w hich depends on th e  a c c e le r a t in g  
v o lta g e  ( i . e .  th e  v e lo c i ty  o f  th e  e le c tro n s ) a n d  L i s  th e  d is ta n c e  betw een 
th e  specim en and th e  p h o to g rap h ic  p l a t e ;  i t  r e p r e s e n ts  a  f i c t i t i o u s  le n g th  
which depends on th e  le n s  m a g n if ic a tio n . AL i s  u s u a l ly  r e f e r r e d  to  a s  th e
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cam era c o n s ta n t  o f  th e  m icroscope and m ust be d e term ined  f o r  each  
s ta n d a rd  o f  le n s  s e t t i n g s  u sed . T h a llo u s  c h lo r id e  was used  to  
de te rm in e  th e  m icroscope c o n s ta n t  b ecau se  o f  i t s  sh a rp  and d i s t i n c t i v e  
d i f f r a c t i o n  r in g s .
The in d e x in g  o f  sp o ts  on p h o to g ra p h ic  p l a t e s  i s  n e a r ly  alw ays done 
by m ethods b ased  on th e  r e c i p r o c a l  l a t t i c e .  The r e c ip r o c a l  l a t t i c e  i s  
th e  b e s t  b a s i s  f o r  th e  a n a ly s i s  o f  e l e c t r o n  d i f f r a c t i o n  p a t t e r n s .  I t  
p ro v id e s  an easy  v i s u a l i z a t io n  o f  th e  o r i e n t a t i o n  and r e f l e c t i n g  power o f  
l a t t i c e  p la n e s  in  a c r y s t a l  and a t  th e  same tim e shows th e  sp a c in g s  o f  
th e se  p la n e s .
The r e c ip r o c a l  l a t t i c e  i s  a  l a t t i c e  o f  p o in ts  each  o f  w hich r e p r e s e n ts  
a- r e f l e c t i n g  p la n e  in  th e  c r y s t a l  and each  o f  which i s  g iv en  th e  same 
in d ic e s  as  th e  c o rre sp o n d in g  r e f l e c t i n g  p la n e .  Each r e c i p r o c a l  l a t t i c e  
p o in t  i s  lo c a te d  on a  l i n e  th ro u g h  th e  o r ig in  p e rp e n d ic u la r  t o  th e  
co rre sp o n d in g  p la n e s  o f  th e  c r y s t a l  and a t  a d is ta n c e  from th e  o r ig in  
e q u a l to  th e  r e c ip r o c a l  o f  th e  c r y s t a l  p la n e  sp a c in g .
R e c ip ro c a l l a t t i c e  p r o je c t io n s  f o r  d i f f e r e n t  c lo s e  packed p la n e s  
in  m ercury [ (1 1 1 ) ,  (1 1 0 ) , ( 1 1 1 ) . . .  e t c ]  w ere c o n s tru c te d  (A ppendix I )  by 
th e  fo llo w in g  p ro ced u re
a )  F in d in g  th e  d i r e c t io n  which i s  p e rp e n d ic u la r  to  th e  p la n e .
b ) F in d in g  th e  d i r e c t io n s  w hich have low M il le r  in d ic e s  and one p e rp e n ­
d ic u la r  to  th e  d i r e c t io n  t h a t  makes 90° w ith  th e  p la n e  ( i . e .  th e  
d i r e c t io n s  t h a t  l i e  on th e  p l a n e ) .
c) F in d in g  th e  a n g le s  w hich th e se  d i r e c t io n s  make w ith  each  o th e r .
d) F in d in g  th e  p la n e s  t h a t  a re  norm al to  th e  above d i r e c t i o n s .
From th e  m icroscope c o n s ta n t  and th e  in t e r p la n a r  sp a c in g s  " d 'V  
th e  d is ta n c e  o f  each  sp o t was found from th e  r e l a t i o n  R = . The
d isa d v a n ta g e  o f  t h i s  method was due to  th e  f a c t  t h a t  i t  was n o t p o s s ib le  
to  have th e  th a l lo u s  c h o rid e  f i lm  and th e  m ercury c r y s t a l s  on th e  same 
g r id  due to  te c h n ic a l  d i f f i c u l t i e s .  I t  was th e r e f o r e  d ec id ed  to  o r i e n t  
th e  d i f f r a c t i o n  p a t te r n s  ro u g h ly  u s in g  th e  above method and th e n  to  ap p ly  
th e  second method:
i
2 .1 4 .2 .  In s p e c tio n  o f  th e  r a t i o  o f  (h 2+k2t £ 2 ) 2
To co n firm  th e  in d e x in g  by th e  above method and to  d e te rm in e  th e  
c r y s t a l  o r i e n t a t i o n  w ith o u t any am b ig u ity  a  method used  by Thomas (1962) 
was a d o p te d . By c o n s id e r in g  th r e e  r e f l e c t i o n s ,  and s in c e  th e  d is ta n c e  o f  
each o f  th e s e  r e f l e c t i o n s  from th e  c e n t r a l  sp o t r e p re s e n te d  th e  r e c i p r o c a l  
o f  th e  d -sp a c in g s  o f  th e  r e f l e c t i n g  p la n e s  g iv in g  r i s e  t c  th e s e  s p o ts  and
i
s in c e  "dn i s  in v e r s e ly  p r o p o r t io n a l  to  (h 2+k2+&2 ) 2 f o r  d i f f e r e n t  p la n e s ,  
i t  i s  p o s s ib le  to  a s s ig n  t e n t a t i v e l y  th e  form  o f  th e  M il le r  in d ic e s  to  th e
l
s p o ts .  By in s p e c t io n  o f  th e  r a t i o  o f  (h 2+k2+A2 ) 2 f o r  d i f f e r e n t  r e f l e c t i o n s  
i t  was p o s s ib le  t o  o r i e n t  th e  d i f f r a c t i o n  s p o ts  w ith o u t r e ly in g  on th e  
m icroscope c o n s ta n t  (A ppendix I I I ) .
2 .1 5 . T race A n a ly s is
S l ip ,  tw in n in g , s ta c k in g  f a u l t s  and p r e c i p i t a t e s  on w e l l -d e f in e d  
p la n e s  in  a c r y s t a l  p roduce t r a c e s  t h a t  a r e  v i s i b l e  on e i t h e r  a  p o l is h e d  
o r  e tc h e d  s u r f a c e ,  C rocker and O tte  (1966) d e sc r ib e d  th e  a p p l ic a t io n s  
o f  s u r fa c e  t r a c e  a n a ly se s  in  m e ta l lu r g ic a l  problem s and d is c u s s e d  th e  
u s e fu ln e s s  and l i m i t a t i o n s  o f  th e  m ethod. As th e  problem  o f  d e te rm in in g  
th e  c r y s t a l  o r i e n t a t i o n  i s  co m p le te ly  so lv ed  (D raz in  and O tte  1963) and 
f o r  many s t r u c tu r e s  t a b le s  a re  a v a i la b l e  in  w hich th e  o r i e n t a t i o n  can
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sim ply  be o b ta in e d  when g iv en  two o r  th r e e  a n g le s  betw een t r a c e s .  In  
e l e c t r o n  m icro sco p y 3 when a s e le c te d  a re a  e le c t r o n  m icrograph  i s  c o n s id e re d  
in  c o n ju n c tio n  w ith  d i f f r a c t i o n  p a t t e r n s  v a lu a b le  in fo rm a tio n  can be 
o b ta in e d . Thus b e s id e s  o b se rv in g  th e  shapes o f  p r e c i p i t a t e s  (w h isk e rs  and 
p l a t e l e t s . . .  e t c )  and c a l c u la t in g  t h e i r  o r i e n t a t i o n  w ith  r e s p e c t  to  th e  
m a trix ^  th e  grow th d i r e c t io n s  and h a b i t  p la n e s  can be d e te rm in e d . A lso 
com prehensive c r y s ta l lo g r a p h ic  d e t a i l s  can be deduced ab o u t f e a tu r e s  such 
a s  s ta c k in g  f a u l t s  d i s lo c a t io n  l i n e s . . .  e t c .  T h is  ty p e  o f  a n a ly s i s  i s  
a l s o  known as  t r a c e  a n a ly s i s  in  e le c t r o n  m icroscopy . S in ce  th e  te c h n iq u e  
r e q u ir e d  d i r e c t  c o r r e l a t i o n  betw een d i f f r a c t i o n  p a t t e r n s  and im age3 i t  was 
n e c e s sa ry  to  ta k e  le n s  r o t a t i o n  e f f e c t  in to  a c c o u n t. A lso  c e r t a in  o th e r  
p re c a u tio n s  had to  be c o n s id e re d  such a s  th e  e x a c t d e te rm in a tio n  o f  th e  
c r y s ta l lo g r a p h ic  o r i e n t a t i o n  o f  th e  specim en and c a l ib r a t i o n  o f  th e  image 
r o t a t i o n  due to  any change in  th e  in te rm e d ia te  le n s  c u r r e n t .  The a n g le s  
betw een c r y s t a l  p la n e s  and d i r e c t io n s  w ere d e te rm in ed  and th e  r o t a t i o n  
betw een th e s e  and th e  r e c ip r o c a l  l a t t i c e  geom etry g iven  by  th e  d i f f r a c t i o n  
p a t te r n s  was a ls o  d e te rm in ed .
In  th e  p r e s e n t  work th e  method a p p l ie d  in  a n a ly s in g  th e  e l e c t r o n  
m icrographs was by d e te rm in in g  th e  o r i e n t a t i o n  o f  th e  c r y s t a l s  u s in g  th e  
p ro ced u re  d is c u s se d  in  2 .13  and from  m easuring  th e  a n g le s  betw een two o r  th r e e  
f e a tu r e  t r a c e s 9 th e n  d e te rm in in g  th e  d i r e c t io n s  o f  th e s e  t r a c e s *  I t  was 
found t h a t  th e y  l i e  on th e  c l o s e s t  packed p la n e , th e  (1 1 1 )9 w hich was 
c o n s is te n t  w ith  p re v io u s  work w hich i s  d is c u s s e d  in  c h a p te r  I .
2 .1 6 . Specimen T h ickness
The m easurem ent o f  f o i l  th ic k n e s s  i s  v e ry  im p o rta n t in  e l e c t r o n  
m icroscopy due to  th e  need  f o r  q u a n t i t a t iv e  m easurem ents o f  d i s lo c a t i o n  
d e n s i ty 9 p o in t  d e fe c t  c o n c e n tra tio n ., i n t e r p a r t i c l e  s p a c in g . . .  e t c .
(
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T here a re  two ty p e s  o f  m easurem ents: m acroscop ic  m easurem ents where th e  
av e ra g e  th ic k n e s s  ov er a  la y e r  i s  de term ined  ( t h i s  i s  o n ly  s i g n i f i c a n t  . 
fo r  n e a r ly  un ifo rm  specim ens such  a s  c le a v e d  sa m p le s ), and lo c a l  m easure­
m ents a t  s p e c i f i c  p o in ts  on th e  specim en which must n o rm ally  be made in  
th e  e l e c t r o n  m icro sco p e . One o f  th e  commonest m ethods o f  m easuring  th e  
specim en th ic k n e s s  in s id e  th e  e le c t r o n  m icroscope ( l o c a l  m easurem ent) i s  
th e  T race Method w hich was ad o p ted  in  t h i s  work to  d e te rm in e  th e  p l a t e ­
l e t s  th ic k n e s s .  T h is  was done from  m easuring  th e  p r o je c te d  w id th  ( f i g .
2 .?Q o f  an o b je c t  ly in g  on a  known p la n e  o r  d i r e c t io n  i f  th e  o b je c t  
i n t e r s e c t s  b o th  s u r f a c e s .  The th ic k n e s s  t  i s  g iven  by
t  = wtanG
w here to i s  th e  p ro je c te d  w id th  and 0 i s  th e  a n g le  betw een th e  f o i l  s u r fa c e  
and th e  p la n e  o r  d i r e c t io n  o f  th e  o b je c t .  The main e r r o r  in  t h i s  d e t e r ­
m in a tio n  a r i s e s  from th e  f a c t  t h a t  th e  f o i l  s u r fa c e  was som etim es n o t  
norm al to  th e  e l e c t r o n  beam, however i f  th e  a n g le  o f  t i l t  i s  l e s s  th a n  
5 d e g re e s  th e  e r r o r  in  th ic k n e s s  i s  t y p i c a l l y  5-10 p e rc e n t  (H irsc h  e t  , 
a l  1955).
2 .1 7 . D if f r a c t io n  C o n tra s t
The mechanism o f  p ro d u c tio n  o f  c o n t r a s t  on tra n s m is s io n  m icro g rap h s
R
can be i l l u s t r a t e d  in  f i g .  2 .$ ) .  The i l lu m in a t in g  beam o f  e l e c t r o n s  i s  
s c a t t e r e d  by th e  specim en. In  case  o f  c r y s t a l l i n e  m a te r ia l  t h i s  s c a t t e r i n g  
ta k e s  th e  form  o f  one o r  more Bragg d i f f r a c t e d  beams t r a v e l l i n g  a t  sm a ll 
a n g le s  2 d e g re e s)  w ith  th e  in c id e n t  beam, w hich i s  fo c u sse d  by th e  
o b je c t iv e  to  form a  tra n s m is s io n  d i f f r a c t i o n  p a t t e r n  in  i t s  back  f o c a l  
p la n e .  I f  th e  o b je c t iv e  le n s  were p e r f e c t ,  i t  would be p o s s ib le  t o  form  
a r e s o lv e d  image o f  th e  c r y s t a l  l a t t i c e  p la n e s  g iv in g  r i s e  to  th e  d i f f r a c t e d
beams b3' a llo w in g  a l l  th e  beams to  re a c h  th e  f i n a l  image and i n t e r f e r e  
a c c o rd in g  to  th e  Abbe th e o ry  o f  image fo rm a tio n  o f  a p e r io d ic  o b je c t  
( J e n k in s  and W hite 1951). However t h i s  t h e o r e t i c a l  a ssum ption  i s  n o t  
p o s s ib le  in  th e  e le c t r o n  m icroscope b ecau se  so  f a r  e le c t r o n  le n s e s  can n o t 
be made w ith  la rg e  a p e r tu re  system s and v ery  sm a ll a p e r tu r e s  a r e  used  ( o f  
th e  o rd e r  o f  10“2 to  10"*3 ra d ia n )  and th e  e l e c t r o n  o p t i c a l  system  i s  so 
d es ig n ed  as  to  m inim ize th e  combined e f f e c t s  o f  th e  fo u r  m ost im p o r ta n t 
so u rc e s  o f  e r r o r  in  th e  im age: d i f f r a c t i o n  e r r o r ,  s p h e r ic a l  a b e r r a t io n ,  
a s tig m a tism  and ch ro m a tic  a b e r r a t io n .  In  th e  problem  o f  r e s o lv in g  a 
p e r io d ic  s t r u c t u r e  o f  sp a c in g  d , th e  f i r s t  o rd e r  d i f f r a c t i o n  an g le  
a  = (X i s  th e  e l e c t r o n  w aveleng th ) m ust be sm a ll enough t o  e n t e r  th e  
a p e r tu re  o f  th e  o b je c t iv e  le n s .  For re co m b in a tio n  a  m ust be sm a ll enough 
so  t h a t  th e  e f f e c t  o f  s p h e r ic a l  a b e r r a t io n  i s  n e g l ig ib l e .
To in d e x  a d i s lo c a t io n  l i n e ,  i . e .  t c  d e term ine  i t s  B u rgers v e c to r ,  
th e  d i f f r a c t i o n  c o n d it io n s  m ust be changed. T h is  i s  u s u a l ly  done by 
t i l t i n g  th e  specim en; hence th e  B urgers  v e c to r s  may be d e te rm in ed  by 
f in d in g  th e  r e f l e c t i o n  in  which th e  d is lo c a t io n  becomes i n v i s i b l e .  Though 
some c o m p lic a tio n s  may a r i s e  b ecau se  th e  d is lo c a t io n  may s t i l l  be v i s i b l e ,  
o f te n  t h i s  c o n t r a s t  can be re c o g n ise d  b ecau se  o f  i t s  s p e c ia l  f e a tu r e s  
( e .g .  symmetry o f  im age). The p ro ced u re  in  any p a r t i c u l a r  case  depends 
on th e  o r i e n t a t i o n  o f  th e  f o i l  and th e  p o s s ib le  B urgers v e c to r s .
The p ro b a b le  B urgers  v e c to rs  in  m ercury c r y s t a l s  a re  sum m arized in  
T able 2 .2 .  U n fo r tu n a te ly  i t  was n o t  p o s s ib le  to  t i l t  th e  specim en g o n io m ete r 
s ta g e  in  th e  m icroscope used  in  t h i s  p r o j e c t  owing to  a  f a u l t  in  th e  
co ld  s ta g e  d e s ig n .
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2*18* E le c tro n  M icroscope Specimen Cold S tage
S e v e ra l d e s ig n s  o f  low te m p e ra tu re  s t a g e s ,  f o r  use in  an e l e c t r o n  
m ic ro sco p e , w hich o p e ra te  a t  te m p e ra tu re s  a s  low a s  l i q u i d  he lium  tem pe­
r a tu r e s  have made th e  s tu d y  o f  s o l i d i f i e d  r a r e  g a se s  (V enab les 1970) and 
th e  p r e s e n t  p r o je c t  p o s s ib le .
The c o ld  s ta g e  in  th e  JEM120 i s  p la c e d  on to p  o f  th e  specim en 
s ta g e  and can be co n n ec ted  to  i t  by a  le v e r  t h a t  co u ld  l i f t  i t  o f f  th e  
s ta g e  to  a llo w  th e  specim en to  be o b serv ed  a t  room te m p e ra tu re . C onseq u en tly  
when any t i l t  o f  th e  specim en was d e s i r e d ,  th e  c o ld  s ta g e  had to  be l i f t e d  
o f f  th e  specim en, and i f  p u t  back a f t e r  th e  t i l t  was made i t  would push  
th e  specim en s ta g e  to  i t s  o r ig i n a l  p o s i t io n  (b e fo re  th e  t i l t ) .  I f  th e  
co ld  s ta g e  were n o t to  be p la c e d  back a f t e r  th e  t i l t i n g  and k e p t away 
from  th e  specim en s ta g e  th e  image would soon s t a r t  to  d r i f t  due t o  th e  
f lu c tu a t io n  in  te m p e ra tu re  caused  by th e  g e n e ra tio n  o f  h e a t from  th e  
e le c t r o n  beam. The d r i f t  was c o n tin u o u s  which made any e le c t r o n  m icro ­
scopy w ith  v a r i a t io n  o f  d i f f r a c t i o n  c o n t r a s t  im p o ss ib le . T h is  d e f e c t  in  
th e  d e s ig n  h in d e re d  th e  o p p o r tu n i t ie s  o f  exam ining  th e  d e f e c ts  in  c r y s t a l l i n e  
m ercury by u s in g  d i f f e r e n t  d i f f r a c t i o n  c o n d i t io n s .
An im proved d es ig n  o f  th e  specim en c o ld  s ta g e  would be m ost v a lu a b le  
and th e  u l t im a te  r e s u l t s  would be o f  g r e a t  i n t e r e s t .  Such an im proved 
co ld  s ta g e  co u ld  be c o n s tru c te d  in  a  way t h a t  i t  would n o t  be p la c e d  on 
to p  o f  th e  specim en s ta g e ,  b u t e i t h e r  around i t  ( l i k e  a  r i n g  t h a t  
su rro u n d  th e  specim en and co u ld  be t i l t e d  to g e th e r  w ith  th e  sp ec im en ), o r  
i t  co u ld  be p la c e d  b en ea th  th e  specim en in  a way th a t  i t  would be in  
c o n ta c t  w ith  th e  specim en even when i t  has been t i l t e d .
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A f a c i l i t y  f o r  o b ta in in g  dark  f i e l d  image was n o t  a v a i la b le  w ith  
th e  m ic ro sco p e , o th e rw ise  i t  would have been p o s s ib le  to  in d e x  th e  v a r io u s  
d e f e c ts  e s p e c ia l ly  th e  d i s lo c a t io n s .
Fig. 2.1
Mercury growth chamber, (a) Condensation finger (b) Mercury reservoir
(c) Alcohol bath.
Fig. 2.2
O p tic a l Microscopy cell, (a) Platelets container (b) Dry ice container.
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Fig. 2.3 
Specimen holder.
/c
Fig. 2.4
Specimen transferring cell, (a) Specimen holder (b) Dry ice container.
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Fig. 2.5
A growth chamber designed to keep the specimen holder under vacuum,
(a) Condensation finger (b) Specimen holder (c) liquid nitrogen reservoir.
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Fig. 2.6
Another growth chamber designed to have a special attachment which 
could be connected to the electron microscope as well.
Fig. 2.7
The electropolishing set-up, (a) anode (b) electric stirrer (c) alcohol 
bath (d) cathode.
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•H
Voltage
Fig. 2. 8 A schematic illustration of voltage / current curves for a
typical electropolishing solution with a metal anode
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Table 2.1 Calculated values of the interplanar spacings "d11 for 
different planes in the mercury lattice
I Specimen
Principal  p la n e
GZZiZZZZZZZObjective a p er tu re
Fig 2.9 Mechanism of diffraction contrast.
L*---------  vv
Fig 2.10 The use of the projected width co of 
an object making an angle O with the 
foil surface to measure the thickness 
of the foil t .
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T ab le  2 .2
Some P o s s ib le  D is lo c a t io n s  in  Mercury
Type B urgers  V ec to r: b &
P e r f e c t AO 1 /2  <110> ( l+ c ) /2 = 0 .4273
AB 1 /2  <110> ( l - c ) / 2 = 0 .5727
Shockley
->
aO 1 /6  <112> ( 3+5c)/18 = 0 ,1263
p a r t i a l s
i
1 /6  <112> 
1 /6  <112>
(3 -c ) /1 8
( l - c ) / 6
= 0 .1747 
= 0 .1909
Frank
"h-wO 1 /3  [ H I ] ( l+ 2 c ) /3 = 0 .2364
p a r t i a l s aA 1 /3  <111> ( 3 -2 c ) /9 = 0 .3656
1
S t a i r - aw (a) 1 /6  <110> ( l+ c ) /1 8 = 0 .0475
i
ro d s ctg(a) 1 /6  <110> ( l - c ) / 1 8 = 0 .0636
ag/CO(o) 1 /3  <001> 1 /9 = 0 .1 1 1 1
aA/Oa)(a) 1 /3  <110> (2 + 2 c )/9 = 0 .1899
j og/CA(o)
i\
1 /6  <130> (5+ 3 c)/1 8 = 0 .2535
' oA /Bg(a) 1 /3  <110> (2 -2 c ) /9 = 0 .2545
ag/OA(o) 1 /6  <130> ( 5 -3 c ) /1 8 = 0 .3 0 2 0
N otes C = cos G = -0 .1 4 5 4 , where 6 i s  th e  a x i a l  an g le  o f  th e  fa c e  c e n tr e d  
rhom bohedral c e l l  ag/CO = aC + gO,P . . .  e t c .  ( a )  and (o )  in d i c a te  
s t a i r - r o d  d i s lo c a t io n s  a t  a c u te  and o b tu se  s ta c k in g  f a u l t  bends 
r e s p e c t iv e ly .
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CHAPTER I I I  RESULTS
In tro d u c t io n
The s t r u c t u r e  o f  c r y s t a l l i n e  m ercury i s  m ost c o n v e n ie n tly  r e f e r r e d  
to  th e  f a c e -c e n tr e d  rhom bohedral b a s i s ,  and th ro u g h o u t t h i s  t h e s i s ,  
l a t t i c e  p la n e s  and d i r e c t io n s  w i l l  c o rre sp o n d  to  t h i s  c e l l .  U sing t h i s  
c e l l  i s  more co n v en ien t th a n  u s in g  th e  p r im it iv e  rhom bohedral c e l l ,  
b ecause  o f  i t s  s i m i l a r i t y  w ith  th e  f a c e -c e n tr e d  cu b ic  c e l l  and th e  f . c .  
rhom bohedral c e l l  can be re g a rd e d  as a f . c . c .  c e l l  com pressed a lo n g  th e  
[ i l l ]  d i r e c t i o n ,  t h i s  d i r e c t io n  b e in g  th e  th r e e  f o ld  a x is  o f  th e  rhombo­
h e d r a l  l a t t i c e .
The a x i a l  an g le  a  does n o t  vary  a p p re c ia b ly  by th e  v a r i a t io n  in  
te m p e ra tu re  ( B a r r e t t  1952) and th e  v a lu e  o f  9 8 °2 1 .8 I used  by Bacon 
(1953) to  compute l a t t i c e  sp ac in g s  in  m ercury has been assumed h e r e .
The l a t t i c e  p a ra m e te r  does change i f  th e  te m p e ra tu re  i s  v a r ie d  and th e
o
v a lu e  used  in  t h i s  t h e s i s  i s  a  = 4 .5785 A ( B a r r e t t  19550 b ecau se  t h i s  
was th e  v a lu e  d e te rm in ed  f o r  a  te m p e ra tu re  o f  7 8 ^  which i s  th e ,  n e a r e s t  
to  th e  te m p e ra tu re  used  h e re .
3*2. C ry s ta l  growth
The c r y s ta l s  w ere grown on a  blown p y rex  g la s s  s u b s t r a t e  ( s e c t io n  2 .3 )  
in  th e  form  o f  a co n d en sa tio n  f in g e r  p la c e d  in  an e v a c u a tio n  cham ber 
t h a t  c o n ta in e d  a m ercury r e s e r v o i r .  The p re s s u re  was m a in ta in e d  a t  
28 x 10"7mm Hg, th e  co n d en sa tio n  f in g e r  b e in g  co o led  by s o l i d  carbon  
d io x id e  and l i q u id  ch lo ro fo rm  and k e p t a t  a  te m p e ra tu re  o f  209°K, w h ile  
th e  r e s e r v o i r s  te m p e ra tu re  was a llow ed  to  r i s e  from  an i n i t i a l  v a lu e  o f  
243 K, When th e  r e s e r v o i r s  te m p e ra tu re  reac h ed  a  v a lu e  o f  248°K,
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w h isk e r shaped  c r y s t a l s  s t a r t e d  to  form on th e  co n d en sa tio n  f in g e r  
and th e  grow th c o n tin u e d  u n t i l  th e se  w h isk ers  reac h ed  a te rm in a l  le n g th  
o f  ab o u t H O  mm (p ro v id e d  t h a t  th e  r e s e r v o i r  te m p e ra tu re  was k e p t 
c o n s ta n t)  w ith  few w h isk e rs  re a c h in g  a  le n g th  o f  about 2 mm. The lo n g e r  
th e  e v a p o ra tio n  p ro c e s s  was co n tin u e d  th e  more w h isk e rs  grew* When th e  
r e s e r v o i r  te m p e ra tu re  was a llow ed  to  r i s e  to  a v a lu e  o f  ab o u t 258 K th e  
w h isk e rs  cea sed  to  grow any more and t in y  d o ts  s t a r t e d  t o  form  on th e  
co n d en sa tio n  f in g e r  ; th e s e  d o ts  in c re a s e d  in  s iz e  as th e  e v a p o ra tio n  
was co n tin u e d  and became p l a t e l e t  shaped  c r y s t a l s .  These p l a t e l e t s  w ere 
a t ta c h e d  to  th e  co n d en sa tio n  f in g e r s  a t  one p o in t ,  no Brownian m otion  
(S e a rs  1953) was observ ed  by th e  t r a v e l l i n g  m icroscope u sed . They reac h ed  
a  te rm in a l  le n g th  o f  abou t 0 .35  mm, b u t  t h e i r  number in c re a s e d  a s  th e  
r e s e r v o i r  te m p e ra tu re  was a llo w ed  to  r i s e  up to  a te m p e ra tu re  o f  298°K 
a t  which th e  whole p ro c e s s  ended .
Changing th e  s u b s t r a te  from p y re x  g la s s  to  copper in  an a t te m p t to  
p roduce th in n e r  p l a t e l e t s ,  r e s u l t e d  in  th e  grow th o f  v e ry  f in e  p l a t e ­
l e t s  w hich were much s m a lle r  th a n  b e fo re  ( t h e i r  s iz e  b e in g  a b o u t 0 .1 5  mm) 
w hich made h a n d lin g  th e se  c r y s t a l s  an a lm o st im p o ss ib le  t a s k .  A nother 
a tte m p t to  produce th in n e r  p l a t e l e t s  was u n d ertak en  by c u t t in g  th e  
grow th p ro c e s s  s h o r t  i . e .  n o t a llo w in g  th e  p l a t e l e t s  to  grow u n d er a 
r e s e r v o i r  te m p e ra tu re  range  o f  258°K t o  298°K, b u t  s to p p in g  th e  grow th 
p ro c e ss  when a  r e s e r v o i r  te m p e ra tu re  o f  273°K was re a c h e d . T h is  method 
produced  p l a t e l e t s  w hich were n o t  t h in  enough f o r  tr a n s m is s io n  e le c t r o n  
m icroscopy y e t  d i f f r a c t i o n  p a t t e r n s  were o b ta in e d  from them . The 
in t e r e s t i n g  phenomenon was a l l  th e  d i f f r a c t i o n  p a t t e r n s  o b ta in e d  w ere 
coming from a  f o i l  p la n e  p a r a l l e l  t o  th e  (111) p la n e  and no d i f f r a c t i o n  
p a t t e r n  was o b ta in e d  from f o i l s  p a r a l l e l  to  th e  (110) p la n e .
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3 .3 . O p tic a l  M icroscopy
The specim ens were exam ined by a  R e ic h e r t  p r o je c t io n  m ic ro sco p e .
Two d i f f e r e n t  shap es  o f  p l a t e l e t s  have been  o b served  and s tu d ie d :  
rhombus shaped  and p a ra l le lo g ra m  shaped  c r y s t a l s .
The rhombus shaped c r y s t a l s  had  a  c h a r a c t e r i s t i c  a c u te  an g le  o f  
7 1 ° .3 0 ’ and an- o b tu se  an g le  was 108°305 ( f i g .  3 .1 ) .  The l a t e r a l  
d im ensions o f  th e s e  p l a t e l e t s  w ere found to  v a ry  from  0 .3 4  mm to  0 .2 5  mm 
and th e  fo u r  s id e s  o f  th e  c r y s t a l  w ere e q u a l in  le n g th .
The p a ra l le lo g ra m  shaped  p l a t e l e t s  w hich w ere o b serv ed  ( f i g .  3 .2 )  
were s m a lle r  th an  th e  rhombus p l a t e l e t s ;  t h e i r  l a t e r a l  d im ensions w ere 
found to  v ary  betw een 0 .2 1  to  0 .1 0  mm, t h e i r  a c u te  an g le  was 78° and 
t h e i r  o b tu se  an g le  was 102°. Each c r y s t a l  was bounded by fo u r  s id e s  . 
o f  u n equal le n g th ,
3*^* E le c t r o p o l is h in g
E le c tr o p o l is h in g  o f  c r y s t a l l i n e  m ercury was u n d ertak en  as  an 
a tte m p t to  produce th in n e r  specim ens ( s e c t io n  2 .1 1 ) .  The b e s t  e l e c t r o l y t e  
was found to  be a  N i t a l  s o lu t io n  (80% a lc o h o l  and 20% n i t r i c  a c i d ) , th e  
N i t a l  was c o o led  down to  a  te m p e ra tu re  o f  193°K by p la c in g  i t  in  a  b a th  
o f  a lc o h o l and l i q u id  n i t r o g e n ,  th e  m ercury was fro z e n  around  a  screw  
w hich was a t ta c h e d  to  a c y l in d r i c a l  r e s e r v o i r  c o n ta in e d  l i q u i d  n i t r o g e n  
to  p re v e n t th e  m ercury from  b e in g  m e lted  when th e  c u r r e n t  was p a s s e d  
th rough  i t .  The low er end o f  th e  m ercury was hammered and d ip p ed  in  th e  
N i t a l  s o lu t io n ,  where a 18/8 s t a i n l e s s  s t e e l  ca thode was u sed . The 
e l e c t r o p o l i s h in g  took  p la c e  a t  a v o lta g e  o f  41 v o l t s ,  a  c u r r e n t  o f  34 ma, 
a N i t a l  te m p era tu re  o f  213°K and a  ca thode  to  anode d is ta n c e  o f  6 cm.
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I t  was a l s o  found t h a t  a  24 h ou rs o ld  N i t a l  s o lu t io n  p re p a re d  from  
m ethyl* a lc o h o l  in s te a d  o f  e th y l*  a lc o h o l p ro v id e d  a f a s t e r  r e a c t io n .
3 .5 . C o n s tru c tio n  o f  th e  R e c ip ro c a l L a t t i c e  P ro je c t io n s
The r e c ip r o c a l  l a t t i c e  p r o je c t io n s  w ere c o n s tru c te d  f o r  d i f f e r e n t  
p la n e s  in  th e  m ercury s t r u c t u r e ,  in  o rd e r  to  o r i e n t  th e  d i f f r a c t i o n  
p a t t e r n s  o b ta in e d  from p l a t e l e t s  and w h isk e rs . The p r o je c t io n  f o r  th e  
[233] zone p e rp e n d ic u la r  t o  th e  (111) p la n e ,  th e  [ llO ] p e rp e n d ic u la r  t o  th e  
(110) p la n e  and th e  [ i l l ]  p e rp e n d ic u la r  to  th e  (111) p la n e .  In  a d d i t io n
o th e r  zones making an an g le  n e a r  90° t o  p la n e s  w ith  low in d ic e s  a re
(1 1 0 ) ,  (1 0 0 ) ,  (2 1 1 ) ,  (1 2 3 ) ,  (1 2 3 ) ,  (2 1 1 ) , (2 1 1 ) ,  (310) and (1 2 3 ) ,  ( f i g s .
3 .3  and 3 .4 ) .  These were a l l  c o n s tru c te d  by f in d in g  th e  d i r e c t io n s  w hich 
make 90° w ith  each  o f  th e  above d i r e c t i o n s ,  f in d in g  th e  p la n e s  w hich a re  
a t  r i g h t  an g le  w ith  th e  d i r e c t io n s  d e te rm in e d , and f in d in g  th e  a n g le s  
w hich th e se  d i r e c t io n s  make w ith  each  o th e r  (A ppendix I ) .  Hence th e  p la n e s  
w hich g iv e  r i s e  to  r e f l e c t i o n  s p o ts  and t h e i r  r e s p e c t iv e  a n g le s  have been  
d e te rm in ed . The d is ta n c e  o f  each  s p o t  from th e  c e n t r a l  s p o t  was d e t e r ­
m ined by f i r s t  f in d in g  th e  m icroscope c o n s ta n t  XL u s in g  th a l lo u s  c h lo r id e  
( s e c t io n  2 .1 3 .1 ) ;  t h i s  was found to  be 2 .3070  A f o r  a  v o lta g e  o f  120 Kv 
and a condenser le n s  c u r re n t  o f  71 ma. The in t e r p l a n a r  sp a c in g s  ”dn f o r  
p la n e s  w ith  M ille r  in d ic e s  from  3 t o  3 have been computed ( t a b l e  2 .1 )  
and from th e  r e l a t i o n  R = ~  , R ( th e  d is ta n c e  from th e  c e n t r a l  s p o t
to  a r e f l e c t i n g  s p o t)  has been found .
3*6. E le c tro n  M icroscopy
The growth h a b i t s  o f  th e  m ercury p l a t e l e t s  and w h isk e rs  w ere 
exam ined by in d e x in g  th e  e le c t r o n  d i f f r a c t i o n  p a t t e r n s  o b ta in e d  from  th e  
c r y s t a l s ,  and th e  dom inant p la n e s  and d i r e c t io n s  t h a t  in f lu e n c e d  th e  
grow th p ro c e s s  w ere o b ta in e d . The s tu d y  o f  s ta c k in g  f a u l t s  in  th e  m ercury
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s t r u c t u r e ,  o b s e rv a tio n s  o f  d i s lo c a t i o n s ,  s l i p  t r a c e s ,  tw in s  and specim en 
th ic k n e s s  m easurem ents in  a d d i t io n  to  e le c t r o n  m icroscopy o f  e t h y l  
a lc o h o l ,  w i l l  be r e p o r te d  in  t h i s  c h a p te r .
3»7. P l a t e l e t  Growth B ehaviour
I t  has been  re p o r te d  in  c h a p te r  2 t h a t  th e  as-grow n p l a t e l e t s  w ere 
to o  th ic k  f o r  tr a n s m is s io n  e l e c t r o n  m icroscopy , y e t  i t  was p o s s ib le  to  
o b ta in  good and c l e a r  d i f f r a c t i o n  p a t t e r n s  from them . In d ex in g  th e s e  
d i f f r a c t i o n  p a t t e r n s  showed t h a t  th e s e  p l a t e l e t s  have two d i f f e r e n t  
grow th modes. F i r s t  and m ost common was t h a t  o f  c r y s t a l s  grow ing a lm o s t 
p e rp e n d ic u la r  to  th e  [233] d i r e c t io n  d e f in in g  th e  (111) p la n e  ( f i g .  3 .5 ) .  
T his p la n e  i s  th e  c l o s e s t  packed  p la n e  in  m ercury . By m easu rin g  th e  a n g le s  
betw een th e  a d ja c e n t  s id e s  o f  t h i s  ty p e  o f  p l a t e l e t s  and by t r a c e  
a n a ly s i s  th e  d i r e c t io n s  t h a t  bound th e  f l a t  s u r fa c e  o f  th e  c r y s t a l  w ere 
found to  be [ l i o ]  and [ lO l] .  S ince  each  o f  th e s e  d i r e c t io n s  l i e  in  th e  
o th e r  c l o s e s t  packed p la n e s  in  m ercury i . e .  ( i l l )  and (111) p la n e s  
r e s p e c t iv e ly ,  i t  c o u ld  be assumed t h a t  th e  p l a t e l e t s  a re  bounded by th e  
o th e r  c l o s e s t  packed p la n e s  ( f i g .  3 .6 ) .
The o th e r  ty p e  o f  grow th mode was t h a t  o f  c r y s t a l s  grow ing p e rp e n ­
d ic u la r  to  th e  [ o i l ]  d i r e c t io n  d e f in in g  th e  ( o i l )  p la n e  ( f i g .  3 .7 ) .  T h is 
p la n e  i s  a l s o  a  c lo se 4  packed  p la n e  b u t  i t  i s  n o t  as c lo s e ly  packed  as th e
(111) p la n e . M easuring th e  a n g le s  betw een a d ja c e n t s id e s  and from  th e  
t r a c e  a n a ly s i s  o f  th e  m icrographs and th e  d i f f r a c t i o n  p a t t e r n s  th e  
d i r e c t io n s  t h a t  bounded th e  f l a t  fa c e  o f  th e  c r y s t a l s  w ere found  t o  be 
[OOl] and [2 2 l]  and s in c e  th e s e  d i r e c t io n s  do l i e  in  th e  (110) and ( I lO )  
p la n e s  r e s p e c t iv e ly  i t  co u ld  be assumed t h a t  t h i s  ty p e  o f  p l a t e l e t  i s  
bounded by th e  second and t h i r d  c l o s e s t  packed  p la n e s  in  m ercury ( f i g .
3 . 8 ) .
3 .8 . W hisker Growth B ehaviour
I t  was p o s s ib le  to  exam ine m ercury w h isk e rs  in  th e  e le c t r o n  
m icroscope { f i g s .  3 .9  and 3 .10 ) b u t  due to  th e  f a c t  t h a t  th e s e  w h isk ers  
w ere la rg e  in  d ia m e te r  ( th e y  ran g e  from  800 to  1000 K)  i t  was n o t  
p o s s ib le  to  o b ta in  tra n s m is s io n  m icrographs from  them . A lso (a s  w i l l  be 
shown) th e se  w h isk e rs  have a  sq u a re  c ro s s  s e c t io n  w hich means t h e i r
o o .
th ic k n e s s  a ls o  ran g es  from  800 A to  1000 A and t h i s  ran g e  o f  th ic k n e s s  
i s  to o  g r e a t  f o r  tra n s m is s io n  e le c t r o n  m icroscopy o f  a  heavy m e ta l 
such  as m ercury .
Two ty p e s  o f  d i f f r a c t i o n  p a t t e r n s  were o b ta in e d  from  th o se  w h isk e rs . 
One re v e a le d  th e  (110) ty p e  o f  p la n e  ( f i g .  3 .9 ) ,  th e  o th e r  showed a  ty p e
(110) p la n e  ( f i g .  3 .10 ) w hich meant t h a t  growth cou ld  have been  a lo n g  th e  
[001J d i r e c t io n .  S ince  th e  an g le  betw een th e  (110) and (110) p la n e s  
i s  90° th e  to p  o f  a  w h isk e r i s  p o s s ib ly  a  sq u a re  d e f in in g  th e  (001) p la n e  
( f i g .  3 .1 1 ) .  A nother p o s s i b i l i t y  i s  t h a t  th e  top  o f  a  w h isk e r  i s  n o t  
a  f l a t  s i d e 3 b u t  co u ld  c o n s is t  o f  a p a i r  o f  in c l in e d  fa c e s  ( f i g .  3 .1 2 ) 
each  fa c e  co rre sp o n d in g  to . a c lo s e  packed p la n e  i . e .  ( I l l )  and (111) 
p la n e s .
E f f e c t  o f  D eform ation
The as-grow n p l a t e l e t s  w ere to o  th ic k  f o r  e l e c t r o n  m icroscopy and 
had t o  be deform ed ( c h a p te r  2) in  o rd e r  to  make th e  specim ens th i n  
enough f o r  e le c t r o n  m icroscopy , and a s  i t  was n o t  p o s s ib le  to  c o n t r o l  th e  
s t r a i n  d u r in g  t h i s  p r o c e s s , i t  i s  p ro b a b le  t h a t . th e  c o n s id e ra b le  v a r i a t i o n  
in  m ic ro s tru c tu re  o b serv ed  w ith in  and betw een specim ens i s  to  be a s c r ib e d  
to  t h i s  f a c t o r  a lo n e . For m ost p l a t e l e t s  th e  d e fo rm a tio n  was a p p l ie d  in  
an amount t h a t  i t  w ould a lm o st double th e  s i z e  o f  th e  f l a t  fa c e  o f  th e
p l a t e l e t ;  from t h i s  i t  co u ld  be assumed t h a t  th e  th ic k n e s s  o f  th e  p l a t e ­
l e t  was a lm o st red u ced  t o  a  h a l f  what i t  was b e fo re  th e  d e fo rm a tio n  was 
a p p l ie d .  F ig . 3 .13  shows a  specim en w ith  a  g ra in  s iz e  o f  ab o u t 1 ym 
le s s  h e a v i ly  f a u l t e d ,  w h ile  f i g .  3 .14  shows a  s im i la r  g ra in  s iz e  in  
some p a r t s  and very  h e a v i ly  f a u l t e d  c r y s t a l  in  most o th e r  p a r t s .
3•10 T race A n a ly s is
I t  has been  em phasized ( s e c t io n  2 .1 4 )  t h a t  t r a c e  a n a ly s i s  was th e  
o n ly  means a v a i la b le  t o  s tu d y  th e  v a r io u s  f e a tu r e s  observ ed  in  th e  
e l e c t r o n  m ic ro g rap h s , due to  a  f a u l t  in  th e  t i l t i n g  f a c i l i t y  o f  th e  
specim en s ta g e  ( s e c t io n  2 .1 7 ) .  Hence th e  i n t e r p r e t a t i o n s  o f  th e  r e s u l t s  
o b ta in e d  th ro u g h o u t t h i s  p r o j e c t ,  c o n ce rn in g  th e  in d e x in g  o f  th e  s ta c k in g  
f a u l t s  and th e  d is lo c a t io n  B urgers v e c to rs  w ere b ased  on th e  above m ethod, 
a l s o  making use o f  p re v io u s  e x p e r im e n ta l and t h e o r e t i c a l  i n v e s t i g a t io n s .
3 .1 0 .1 .  S ta c k in g  F a u lts
C o n tra s t a t  a  s ta c k in g  f a u l t  a r i s e s  b ecau se  such  a  d e f e c t  d is p la c e s  
th e  r e f l e c t i n g  p la n e s  r e l a t i v e  to  each  o th e r ,  above and below  th e  f a u l t  
p la n e .  In  g e n e ra l ,  th e  c o n t r a s t  from a  s ta c k in g  f a u l t  w i l l  n o t  be 
u n ifo rm ly  b r ig h t  o r  dark  as th e  case  w ould be i f  i t  w ere p a r a l l e l  to  th e  
f o i l  s u r f a c e ,  b u t in  th e  form o f  i n t e r f e r e n c e  f r in g e s  ru n n in g  p a r a l l e l  
to  th e  i n t e r s e c t i o n  o f  th e  f o i l  s u r fa c e  w ith  th e  p la n e  c o n ta in in g  th e  
f a u l t .  These ap p ea r because  th e  d i f f r a c t e d  i n t e n s i t y  o s c i l l a t e s  w ith  
dep th  in  th e  c r y s t a l .
S ta c k in g  f a u l t  f e a tu r e s  were o b serv ed  in  some o f  th e  m icro g rap h s 
s tu d ie d .  F ig . 3 .15 ( to p  l e f t )  shows a number o f  p a r a l l e l  s ta c k in g  f a u l t s  
and from t r a c e  a n a ly s in g  th e  m icrograph  and th e  d i f f r a c t i o n  p a t t e r n  i t  was
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found t h a t  th e s e  s ta c k in g  f a u l t s  a re  p a r a l l e l  t o  th e  [110] d i r e c t i o n .
S ince  th e  p la n e  o f  th e  f o i l  was th e  (111) p la n e  and s in c e  th e  [110] 
d i r e c t io n  l i e s  in  th e  (111) p la n e  w hich i s  a n o th e r  c l o s e s t  packed  p la n e  
in  m ercury9 i t  co u ld  be assumed t h a t  th e s e  s ta c k in g  f a u l t s  do l i e  on th e  
c l o s e s t  packed p la n e .
F ig . 3 .16  shows a  f o i l  p a r a l l e l  t o  th e  (111) p la n e  and r e v e a ls  
a n o th e r  group o f  s ta c k in g  f a u l t s  which make an an g le  o f  126° w ith  a n o th e r  
f a u l t  ( c e n t r e  o f  m ic ro g rap h ); from th e  s e le c te d  a re a  d i f f r a c t i o n  p a t t e r n  
i t  was p o s s ib le  t o  f in d  th e  d i r e c t io n  p a r a l l e l  t o  th e  s ta c k in g  f a u l t s .
T his was found to  be  th e  [O il]  d i r e c t io n  and s in c e  t h i s  d i r e c t io n  makes 
an a n g le  o f  125.37° w ith  th e  [110] d i r e c t io n s  and each  o f  th e s e  l i e  on a  
c l o s e s t  packed  p la n e ,  in  t h i s  case  a g a in  i t  co u ld  be assumed t h a t  th e s e  
f a u l t s  l i e  on th e  {111} p la n e .
F ig . 3 .17  shows th r e e  c r y s ta l lo g r a p h ic  f e a tu r e s  w hich a re  b u n d le s  o f  
p a r a l l e l  s l i p  t r a c e s  coming from  p a r a l l e l  p la n e s . The p ro c e d u re  ad o p ted  
to  in d e x  th e s e  f e a tu r e s  was as  fo llo w s : from  th e  d i f f r a c t i o n  p a t t e r n  i t  
was p o s s ib le  to  f in d  th e  d i r e c t io n s  p a r a l l e l  to  two o f  th e s e  f e a t u r e s ,  
th e se  d i r e c t io n s  b e in g  th e  [110] and [ l l O ] . The an g le  betw een each  two 
f e a tu r e s  was a ls o  m easured and found to  be 71°, 54° and 54°. These a n g le s  
a re  c o n s i s te n t  i\ri t h  th e  an g le s  betw een [110] and [1 0 1 ] , [110] and [110] 
and [ lO l]  and [110] d i r e c t io n s  r e s p e c t iv e ly .  S ince  th e  p la n e  o f  th e  f o i l  
was th e  (111) ty p e  o f  p la n e ,  th e se  f e a tu r e s  c o u ld  l i e  on th e  c l o s e s t  
packed  p la n e s .
3 .1 0 .2 .  S lip  in  Mercury P l a t e l e t s
A v a r ie ty  o f  s l i p  t r a c e  c o n t r a s t  e f f e c t s  i s  o b serv ed  when d i s lo c a t io n s  • 
in  th in  f o i l s  move a s  a  r e s u l t  o f  th e  s t r e s s e s  s e t  up by th e  e l e c t r o n  beam
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and o th e r  f a c t o r s .  Sometimes th e  w hole v i s ib l e  p a r t  o f  th e  s l i p  changes 
c o n t r a s t  (becom ing u n ifo rm ly  l i g h t e r  o r  d a rk e r  th a n  th e  b a c k g ro u n d ), and 
in  o th e r  c a se s  a  b la c k -w h ite  p a i r  o f  l i n e s  i s  l e f t  a lo n g  th e  t r a c e s  o f  
th e  s l i p  p la n e  on th e  f o i l  s u r f a c e s .  The p e r s i s te n c e  o f  th e  s l i p  t r a c e  
c o n t r a s t  v a r ie s  from m e ta l t o  m e ta l (and  even from  g ra in  to  g ra in  in  th e  
same m e ta l) .
F ig . 3 .18 shows a s l i p  t r a c e  ( r i g h t  s id e  o f  m icrog raph ) p a r a l l e l  to  
a b und le  o f  f a u l t e d  f e a t u r e s ,  p o s s ib ly  s l i p s  coming from p a r a l l e l  p la n e s  
in  th e  f o i l .  The o r ig i n a l  p la n e  o f  th e  f o i l  was found to  b e  th e  (111) 
p la n e  and from th e  d i f f r a c t i o n  p a t t e r n 9 th e  d i r e c t io n  o f  th e  s l i p  t r a c e  was 
d e te rm in ed  to  be th e  [O il]  d i r e c t i o n .  T h e re fo re  th e  s l i p  c o u ld  be assum ed 
to  be on th e  c l o s e s t  packed  p la n e .  T his assum ption  w i l l  be p ro v ed  t o  be 
c o n s is te n t  w ith  th e  ev id en ce  from m easuring  th e  th ic k n e s s  o f  th e  f o i l  
( s e c t io n  3<11) and w i l l  be d is c u s se d  in  c h a p te r  M-.
F ig . 3. 2L shows a  s l i p  c ro s se d  by a  d is lo c a t io n  l i n e ,  th e  s l i p  a g a in  
was found to  be p a r a l l e l  t o  th e  [O il]  d i r e c t io n .
3 .1 0 .3 .  D is lo c a t io n  in  C r y s ta l l in e  Mercury
F ig . 3.19 shows a  s l i p  t r a c e  in te r c e p te d  by a  d i s lo c a t io n  l i n e ;  as  
i t  was n o t  p o s s ib le  to  vary  th e  d i f f r a c t i o n  c o n t r a s t  f o r  re a s o n s  d is c u s s e d  
in  s e c t io n  2 .1 7 , t r a c e  a n a ly s is  and p re v io u s  t h e o r e t i c a l  c a l c u la t io n s  
( t a b l e  were used  t o  d e term ine  th e  p o s s ib le  B u rgers  v e c to r s  o f  th e
d is lo c a t io n s  o b se rv e d . As f o r  th e  above f ig u re  th e  d i s lo c a t io n  l i n e  was 
found to  be p a r a l l e l  t o  th e  [110] d i r e c t io n s  from ta b le  J3.51 and assum ing 
t h i s  d is lo c a t io n  t o  be  p e r f e c t ,  i t s  B u rgers  v e c to r  co u ld  be J [ l l 0 ] ,
I t  was a l s o  p o s s ib le  to  a n a ly se  and s tu d y  a  d is lo c a t io n  netw ork
( f i g .  3 .2 0 ) .  The netw ork c o n s is te d  o f  s i x  s id e d  c e l l s  w ith  fo u r  e q u a l
s id e s .  The a n g le s  betw een two a d ja c e n t  s id e s  w ere found to  be c o n s i s te n t
w ith  th e  a n g le s  betw een th e  c lo s e  packed  d i r e c t io n s  in  m ercu ry , and s in c e
th e  p la n e  o f  Hie f o i l  was p a r a l l e l  to  (111) and th e  netw ork  was p a r a l l e l
to  th e  f o i l  p la n e ,  th e  d is lo c a t io n s  l i e  in  th e  (111) p la n e ,  and i t  may
re a so n a b ly  be assumed t h a t  th e  d i s lo c a t io n s  l i e  a lo n g  [ O i l ]  and [101]
d i r e c t io n s .  From p re v io u s  work (C ro ck er and A b e ll 1 9 69 ), i t  has been
d e te rm in ed  t h a t  th e  B urgers  v e c to r s  o f  d is lo c a t io n s  b e in g  in  th e  (111)
p la n e  a r e ,  J [ l l 0 ] 3 J [ l 0 l ]  and J [ 0 l l ]  and assum ing t h a t  th e  d i s lo c a t io n s
observ ed  in  f i g .  3 . IB a re  a  screw  ty p e  d i s lo c a t io n s ,  th e r e f o r e  t h e i r
B urgers v e c to rs  c o u id  be ^ [ l lO ]  and J [ l 0 l ] .  F urtherm ore i f  th e s e  two
d is lo c a t io n s  have in t e r a c t e d  t o  form  an edge d is lo c a t io n  a t  th e  n o d e , a
2.0
sk e tc h  i l l u s t r a t i n g  t h i s  e f f e c t  f i g .  3 .£8  shows t h a t  a s  a  r e s u l t  o f  t h i s  
in t e r a c t io n  th e  edge d is lo c a t io n  p roduced  has a J [0 1 l3  B u rgers v e c to r ,  
w hich i s  q u i te  c o n s is te n t  w ith  p re v io u s  work (C ro ck er and A b e ll 1 9 6 9 ).
3.10.M-. Tw inning in  Mercury P l a t e l e t s
The ap pea rance  o f  e x t r a  s p o ts  a t  p o s i t io n s  w hich ag re e  w ith  s im p le  
f r a c t i o n a l  in d ic e s  (assum ing  th e  main s p o t  p a t t e r n  has been  in d e x ed ) i s  
som etim es an in d ic a t io n  o f  th e  p re se n c e  o f  tw inned  c r y s t a l s  in  s im p le  
s t r u c t u r e s .  Tw inning, c r y s ta l lo g r a p h ic a l ly ,  i s  th e  fo rm a tio n  o f  a  re g io n  
w ith  a  new and s p e c ia l  o r i e n t a t i o n  w ith  r e s p e c t  to  th e  m a tr ix .  T h is  tw in  
o r i e n t a t i o n  i s  o b ta in e d  by r o t a t i n g  th e  m a tr ix  o r i e n t a t i o n  by  180° ab o u t 
a p a r t i c u l a r  d i r e c t io n  (tw in  a x i s ) .  The p la n e  p e rp e n d ic u la r  to  th e  tw in  
a x is  i s  th e  tw in  p la n e .  C rocker e t  a l  (1966) r e p o r te d  tw in s  in  c r y s t a l l i n e  
m ercury to  be o f  ty p e  I I  mode ( c h a p te r  1 ) .
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I t  has been p o s s ib le  to  o b serv e  tw in n in g  f e a tu r e s  in  th e  p r e s e n t  
w ork. F ig . 3 .2 1  shows some p a r a l l e l  tw in s ,  a s e le c te d  a re a  d i f f r a c t i o n  
p a t t e r n  ( ta k e n  from th e  c e n tre  o f  th e  m icrograph) f i g .  3 .2 1 , re v e a le d  
e x t r a  s p o ts  due to  th e  tv /in n in g ; th e  o r ig i n a l  f o i l  was found to  be p a r a l l e l  
to  th e  (111) p la n e ,  though in d e x in g  th e  e x t r a  s p o ts  showed no agreem ent 
w ith  r e s u l t s  r e p o r te d  by C rocker e t  a l  (1 9 6 6 ). The tw in s  w ere found to  
be p a r a l l e l  t o  th e  [110] d i r e c t io n  and t h i s  su g g e s ts  t h a t  th e  tw in  p la n e  
i s  o f  th e  ty p e  ( l l x ) .  To in v e s t ig a t e  t h i s  phenomenon e x te n s iv e ly  f u r th e r  
work i s  n eed ed , w hich co u ld  n o t  be c a r r i e d  o u t h e re  due t o  th e  s h o r ta g e  
o f  tim e .
F ig . 3 .22 shows tw in s  a l s o ,  b u t  i t s  d i f f r a c t i o n  p a t t e r n  was to o  
co m p lica ted  to  a n a ly se . The d i f f i c u l t i e s  w i l l  b e  d is c u s s e d  in  c h a p te r  4.
3 • ^  Specimen T h ickness M easurements
By d e te rm in in g  th e  p la n e  o f  th e  f o i l  t h a t  re v e a le d  c r y s ta l io g r a p h ic  
f e a t u r e s ,  t r a c e  a n a ly s in g  th e  m icrograph  to  d e term in e  th e  d i r e c t io n  o f  th e  
f e a tu r e  and hence d e te rm in in g  th e  p la n e  o f  th e  f e a tu re ^  - i t  has been  p o s s ib le  
t o  m easure th e  th ic k n e s s  o f  th e  f o i l  by assum ing t h a t  c e r t a in  c r y s t a l l o -  
g ra p h ic  f e a tu r e s  la y  on th e  c l o s e s t  packed  p la n e s  ( th e  ev id en ce  f o r  w hich 
i s  d is c u s s e d  in  s e c t io n  3 .1 0 .1 ) .  The d i r e c t io n  o f  th e  f e a tu r e s  was 
d e te rm in ed  by t r a c e  a n a ly s i s ,  and th e  an g le  betw een th e  p la n e  o f  th e  
f e a tu r e  and th e  f o i l  d e term ined  from
„ _ _i ( m ) - ( i i i )6 = cos -------------------
I dii) I2
The th ic k n e s s  i s  th e n  g iven  on th e  above assum ption  by th e  r e l a t i o n  
t  = wtanQ where t  i s  th e  th ic k n e s s  and w th e  w id th  o f  th e  f e a t u r e .
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To a ch iev e  th e  b e s t  p o s s ib le  acc u racy  s e v e r a l  f e a tu r e s  were exam ined and 
th e  th ic k n e s s  was found to  ran g e  from 490-650 X.
F ig . 3 .19 shows a  s l i p  t r a c e .  The w id th  o f  t h i s  s l i p  was m easured 
and th e  d i r e c t io n  o f  th e  f e a tu r e  was d e te rm in ed  ( s e c t io n  3 .8 .2 ,  th e  an g le  
betw een th e  p e rp e n d ic u la r  to  th e  p la n e  o f  th e  f o i l  and th e  p e rp e n d ic u la r  
to  th e  p la n e  o f  th e  s l i p  was c a lc u la te d  and th e  th ic k n e s s  was found t o  be 
495 A.
F ig . 3 .18 shows a n o th e r  s l i p  coming from a  s in g le  p la n e ; th e  
th ic k n e s s  o f  t h i s  s l i p  was used  to  d e te rm in e  th e  th ic k n e s s  o f  th e  f o i l  and
o
was found to  b e  520 A.
F ig . 3 .16  where a number o f  s ta c k in g  f a u l t s  p a r a l l e l  to  each  o th e r  
were observed;, th e  w id th  o f  each  s ta c k in g  f a u l t  was m easured , from  w hich
o
th e  th ic k n e s s  o f  th e  f o i l  was found to  be 550 A.
F ig . 3 .15  shows a n o th e r  group o f  s ta c k in g  f a u l t s  ( to p  l e f t )  as 
w e l l  as a s in g le  s ta c k in g  f a u l t  ( c e n t r e ) ,  th e  th ic k n e s s  o f  th e  f o i l  was
o
n o t  un ifo rm  (due t o  th e  d e fo rm a tio n ) and found to  vary  from  550 to  650 A.
As th e  amount o f  d efo rm a tio n  v a r ie d  from one p a r t  o f  th e  specim en
to  a n o th e r  and from one specim en to  th e  o th e r ,  th e  d i f f e r e n c e  in  th e  
th ic k n e s s  was n o t  unexpec ted .
3 • 12. S tre a k e d  D if f r a c t io n  P a t t e r n s
In  a lm o st a l l  th e  d i f f r a c t i o n  p a t t e r n s  o b ta in e d  from  th e  m ercury
w h isk e rs , th e  s p o ts  w ere s tr e a k e d  in  a  co n tin u o u s  p a t t e r n .  These s t r e a k s
were due t o  th e  e x is te n c e  o f  a  h e a v i ly  f a u l t e d  p la n e  ly in g  p e rp e n d ic u la r  
to  th e  p la n e  o f  th e  f o i l ;  from in d e x in g  th e  d i f f r a c t i o n  p a t t e r n s  i t  has 
been found t h a t  th e se  p la n e s  were th e  { i l l )  ty p e .
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/
The d i f f r a c t i o n  p a t te r n s  w hich were o b ta in e d  from m ercury p l a t e l e t s  
w ith  th e  p la n e  o f  th e  f o i l  p a r a l l e l  to  th e  {111} p la n e  d id  n o t  show 
d i s t i n c t i v e  s t r e a k s ,  w h ile  th e  d i f f r a c t i o n  p a t t e r n s  o f  th e  f o i l s  p a r a l l e l  
to  th e  (110) p la n e  d id  show d i s t i n c t i v e  s t r e a k s .  As th e  (111) p la n e  i s  
p e rp e n d ic u la r  to  th e  (110) p la n e  and th e  s t r e a k s  o b se rv ed  w ere found to  
come from  a  {111} s e t  o f  p la n e s ;  t h i s  i s  a n o th e r  in d ic a t io n  t h a t  f a u l t s  
l i e  on th e  (111) p la n e s  in  m ercury .
I t  was n o t  p o s s ib le  t o  o b ta in  by d e fo rm a tio n  a  th in  p l a t e l e t  t h a t  
was p a r a l l e l  t o  th e  (110) p la n e .  The p ro b a b le  re a so n s  w i l l  be d is c u s s e d  
in  c h a p te r  4 .
3 .1 3 . O ther O b se rv a tio n s
The s tu d y  and o b s e rv a tio n s  o f  c r y s t a l l i n e  m ercury in  th e  e l e c t r o n  
m icroscope showed9 in  a d d i t io n  to  th e  f e a tu r e s  r e p o r te d  above, 
o th e r  i n t e r e s t i n g  in fo rm a tio n s . U n fo rtu n a te ly  i t  has n o t  been  p o s s ib le  
to  make a  thorough  s tu d y  o f  th e s e  f e a tu r e s  due to  th e  sh o r ta g e  o f  t im e ; 
f u r t h e r  r e s e a rc h  would p ro v id e  some i n t e r e s t i n g  and s t im u la t in g  r e s u l t s .  
We s h a l l  h e re  in c lu d e  some o f  th e s e  f e a tu r e s .
F ig . 3 .23  shows a  l e s s  h e a v i ly  deform ed specim en w ith  q u i te  la rg e  
g ra in s  ^  2 u 9 a l s o  showing a  p i t .
F ig s . 3 .24  and 3 .25 show a very  h e a v i ly  deform ed specim en w ith  v e ry  
co m p lica ted  f e a tu r e s .
F ig . 3 .26 shows a grow th s te p  in  a  form o f  s p i r a l  r i n g s ,  p o s s ib ly  
due to  d is lo c a t io n  movement.
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F ig . 3 .27  showing a  p i t  in  a r e l a t i v e l y  l e s s  deform ed c r y s t a l .
F ig . 3 .28  shows a  g ra in  boundary  w ith  c o n t r a s t  f r in g e s  go ing  from 
th e  to p  o f  th e  specim en to  th e  b o tto m , making a c e r t a in  an g le  w ith  th e  
o r i g i n a l  f o i l .
F ig . 3 .29 showing c o n c e n tr ic  c o n t r a s t  f r in g e s  w hich a re  r a t h e r  to o  
f a i n t ,  th e  top  l e f t  o f  th e  m icrograph  i s  showing c o n t r a s t  f r in g e s .
F ig . 3 .30  shows a th ic k  p l a t e l e t  p a r a l l e l  to  th e  (110) p la n e  
( d i f f r a c t i o n  p a t t e r n  in c lu d e d ) ,  th e  edge ap p ea rs  to  b e  f e a th e r y  w hich 
in d i c a te s  n e e d le  shaped  dom ains.
3 .15 E le c tro n  M icroscopy o f  E th y l A lcoho l
E th y l a lc o h o l used  in  th e  s to ra g e  and t r a n s f e r  o f  th e  m ercury  
c r y s t a l s  f o r  ex am ination  in  th e  e le c t r o n  m icroscope was f r e q u e n t ly  
r e ta in e d  on th e  f i n a l  f o i l  and on th e  o r i g i n a l  g r id  ( s e c t io n  2 .8 )  and 
s in c e  th e  c o ld  s ta g e  te m p e ra tu re  was 113°K th e  a lc o h o l f ro z e  w h ile  
in s id e  th e  m icro sco p e . T races o f  e x t r a  r e c ip r o c a l  l a t t i c e  r e f l e c t i o n s  
were o b serv ed  in  th e  s e le c te d  a r e a  d i f f r a c t i o n  p a t t e r n s  even a f t e r  
e v a p o ra tin g  th e  a lc o h o l by h e a t in g  th e  specim en co ld  s ta g e  ( F ig s .  3 .1 9 ,
3 .20  and 3 .2 1 ) .  S ince  i t  i s  e s s e n t i a l  to  be a b le  to  acc o u n t f o r  a l l  th e  
r e f l e c t i o n s  in  th e  d i f f r a c t i o n  p a t t e r n s  a  s y s te m a tic  s tu d y  o f  t2ie s t r u c t u r e  
o f  th e  s o l id  e t h y l  a lc o h o l by th e  e l e c t r o n  m icroscope was u n d e rta k e n .
Double f i l t e r e d ,  a n a la r  p u r i t y ,  e th y l  a lc o h o l was u sed  f o r  t h i s  
i n v e s t ig a t io n .  The a lc o h o l in  th e  l i q u id  s t a t e  193°K was su p p o r te d  on a 
s ta n d a rd  3 .2  mm d ia m e te r  copper e le c t r o n  m icroscope g r id  (200 # ) .  The 
o b s e rv a tio n s  were made w ith  th e  co n d en ser le n s  s e t  t o  g iv e  a s p re a d  beam 
o f  ap p ro x im a te ly  20 ym d ia m e te r  in  o rd e r  to  m inim ise l o c a l  h e a t in g  
(F ernandez  -  Moran 1970 ).
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F ig . 3 .31b i s  a m icrograph  o f  th e  s o l i d i f i e d  e t h y l  a lc o h o l ,  which 
in  th e  p r e s e n t  ca se  h as  a  f in e  g ra n u la r  s u b s t r u c tu r e .  The in d iv id u a l  
c r y s t a l l i t e s  a re  in  th e  s i z e  range  0 .3  to  0 .8  jim. F ig . 3 .1 3 a  i s  a 
t y p i c a l  s e le c te d  a re a  d i f f r a c t i o n  p a t t e r n ,  from which i t  has been  p o s s ib le  
to  deduce b o th  th e  s t r u c t u r e  and l a t t i c e  p a ra m e te r  o f  e th y l  a lc o h o l  a t  
113°K. T his te m p e ra tu re  i s  43°K below  th e  f r e e z in g  p o in t  o f  a lc o h o l .
The p re c a u tio n s  r e q u ir e d  to  o b ta in  maximum p r e c i s io n  and acc u racy  
f o r  v a lu e s  o f  th e  in t e r p la n a r  sp a c in g  ’d ' from  b a s ic  p h o to g ra p h ic  d a ta  
have been d e sc r ib e d  by Beu (1963) and Dorsey (1 9 6 4 ). A doub le  beam 
m ic ro d e n s ito m e te r  was used  to  m easure th e  p o s i t io n s  o f  th e  d i f f r a c t e d  
l i n e s  and v a lu e s  f o r  th e  d sp a c in g s  o b ta in e d  from th e  l i n e  sequence in  
f i g .  3 .3 1 a  a re  g iven  in  Appendix IV. The sequence in d ic a te s  t h a t  e t h y l  
a lc o h o l a t  113°K h as  a  fa c e  c e n tre d  c u b ic  s t r u c t u r e .  A v a lu e  f o r  th e
o
l a t t i c e  p a ra m e te r  o f  3 .29 ± 0 .02  A (A ppendix IV) was d e r iv e d  from  th e  
l i n e a r  e x t r a p o la t io n  o f  th e  l a t t i c e  c o n s ta n t  d a ta  b ased  on N elson  -  R ile y  -  
T ay lo r -  S i n c l a i r  fu n c tio n  (M irk in  1964).
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Rhombus shaped p la te le t 200x
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Fig. 3.3 The closest packed reciprocal lattice planes in the 
mercury structure.
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Fig 3.4 Other closest packed reciprocal lattice planes in the 
mercury structure.
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Fig 3. 5 E lectron m icrograph  of a thick m erc u ry
platelet  pa ra l le l  to the (111) plane
110 [101
( 111)
( 1 1 1 )
Fig 3. 6 The rhombus shaped p la te le t i l lus tra ting  the 
close packed planes and d irec tions
20000x
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Fig 3.7  Electron m ic rograph  of a_thick m ercu ry
platelet  pa ra l le l  to the (110) plane
20000x
[221
( 110) ( 110)
( 1 1 0 )
( 110)
Fig 3 .8  A sketch of the p a ra l le lo g ra m  shaped p la te le t  
i l lu s tra ting  the re levant p lanes and d irec tio ns
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Fig 3.
Fig 3.
Electron micrograph of a mercury whisker. 50000x
The diffraction pattern is parallel to the 
(110) plane
Electron micrograph of a mercury whisker. 15000x
The diffraction pattern is parallel to the 
(110) plane
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Fig 3.
Fig 3.
[001]
[HOI
90
(100)
(110)
A sketch illustrating the different planes that bound the 
mercury whisker, the top of the whisker could possibly 
be a flat plane parallel to the (100)
[100]
.111
(110) (110;
A sketch illustrating the possibility of a whisker having a 
pair of inclined faces at the top, each face corresponding 
to a close packed plane.
73
Fig 3.13 A m icrograph  of a deform ed m erc u ry  p la te le t  50000x
showing a specim en which is not heavily faulted
Fig 3. 14 A very  heavily faulted specim en due to too 50000x
much deform ation
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Fig. 3 .15  A m ic rog raph  showing a num ber of p a ra l le l  150000x 
stacking faults  lying on the  [ 110 ] d irec tion
Fig. 3 .16  Another group of stacking fau lts  making an 310000x 
angle  with ano ther fault consis ten t with the  
angle between the  [ 110 ] and the [ O il ] 
d irec tions
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Fig. 3 .17  Shows th re e  c ry s ta l log raph ic  fea tu res  150000x
which a r e  p a ra l le l  to the [ 110 ] , [ Oil ] 
and L 101 ]
Fig. 3 .18  A s lip  t r a c e  p a ra l le l  to the [ 110] 250000x
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Fig. 3. 21 A m ic ro g rap h  showing twin in a p la te le t of 300000x 
m erc u ry ,  the d irec tion  of the  twin was 
found to be p a ra l le l  to the [ 110 ]
Fig. 3. 22 Another m ic ro g rap h  showing twin in a 300000x
heavily deform ed p la te le t
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Fig 3. 23 A le s s  heavily deform ed m erc u ry  p la te le t  150000x
with la rge  g ra in , also  showing a pit
Fig 3 .24 A very  heavily deform ed specim en with 150000x
com plicated fea tu res
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Fig 3. 25 Another heavily deformed specim en 150000x
with complicated fea tu res
W
m  f  W  ' r #
Fig 3. 26 A m ercu ry  p latele t m icrograph  showing 
a growth step
250000x
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Fig 3. 27 A m ic rog raph  showing a pit in a 250000x
re la tive ly  le s s  deform ed specim en
Fig 3 .28  C on tras t  fr inges along a g ra in  boundary, 250000x
the d ifference in the intensity  of the fringes 
shows that they run from  top to bottom

Fig. 3. 29 Shows concentric  con tras t  fr inges which a r e  lOOOOOx 
ra th e r  too faint to specu la te  on, the top left 
of the m ic rog raph  shows con trast  fringes.
Fig. 3. 30 A thick pla te le t p a ra l le l  to the (110) plane, 350000x 
showing a fea thery  edge, which possibly 
ind icates needle shaped domains.
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CHAPTER IV DISCUSSION
P re v io u s  work on c r y s t a l l i n e  m ercury w hich in c lu d e d  th e  s tu d y  o f  
th e  m e ta l d e fo rm a tio n  c h a r a c t e r i s t i c s  . . .  e t c  were u n d erta k en  on b u lk  
specim ens p re p a re d  by  u s in g  d i f f e r e n t  te c h n iq u e s  ( s e c t io n  1 .6 ) .  The 
r e s u l t s  w ere o b ta in e d  by o p t i c a l  m icroscopy and in  some c a se s  th e  c r y s t a l s  
w ere o r ie n t a te d  by x -ra y  te c h n iq u e s  (R id e r  and H eckscher 1966 and A ytas 
and C rocker 197JD).
As i t  was e s s e n t i a l  to  use v ery  sm a ll specim ens in  o rd e r  to  make 
e le c t r o n  m icroscopy ex am in a tio n  p o s s ib le ,  th e  r e l a t i o n  betw een t h i s  work 
and th e  p re v io u s  work canno t be c o n s id e re d  as  d i r e c t ,  s in c e  th e  d i f f e r e n c e  
in  c r y s t a l  s i z e  in tro d u c e s  a  c o m p lic a tin g  f a c t o r .
In  th e  p r e s e n t  work th e  m ercury c r y s t a l s  were grown u s in g  a  m o d ified  
te c h n iq u e  p re v io u s ly  used  by Volmer and Esterm ann (1921) and S ea rs  (1953 
and 1955). I t  was p o s s ib le  to  o bserve  m ercury w h isk e rs  and two ty p e s  
o f  p l a t e l e t s :  a  rhombus ( f i g .  3 .1 )  and a  p a ra l le lo g ra m  ( f i g .  3 .2 ) .
The rhombus shaped  p l a t e l e t s  have been  observed  by  th e  above 
m entioned  w orkers and th e  s i z e  was found to  be  c o n s i s te n t  w ith  t h i s  
p re v io u s  work: th e  th ic k n e s s  was found to  be very  d i f f e r e n t  and w i l l  be 
d is c u s se d  l a t e r  in  th e  c h a p te r .
The growth o f  w h isk e rs  was in v e s t ig a t e d  by th e  e le c t r o n  m icroscope 
and th e  d i f f r a c t i o n  p a t te r n s  re v e a le d  grow th p a r a l l e l  to  two ty p e s  o f  
p la n e s  a (110) and a (1 1 0 ) . T his le d  t o  th e  assum ption  t h a t  th e  c ro s s  
s e c t io n  o f  th e se  w h isk ers  co u ld  be a  sq u are  bounded by two p a i r s  o f  
p a r a l l e l  (110) and ( l l O ) ;  s in c e  th e  ang le  betw een th e s e  two p la n e s  i s  a 
r i g h t  a n g le . A l te rn a t iv e ly  i t  cou ld  be su g g e s te d  t h a t  th e  c ro s s  s e c t io n
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o f  th e  w h isk er can be a  ( 100) p la n e  becau se  t h i s  i s  th e  on ly  p la n e  t h a t  
makes a r i g h t  an g le  w i th , th e  (110) and (110) p la n e s .  The (110) and (110) 
a re  c lo se  packed p la n e s  in  m ercury b u t  th e y  a re  n o t  th e  c l o s e s t  packed .
The d i r e c t io n  o f  grow th o f  th e  w h is k e rs , c o n s id e r in g  th e  above assu m p tio n , 
can be th e  [ 100] ,  t h i s  d i r e c t io n  i s  n o t  in  agreem ent w ith  t h a t  s u g g e s te d  
by S e a rs ;  he su g g e s te d  a  d i r e c t io n  in  th e  p r im i t iv e  rhorabohedral s t r u c t u r e  
e q u iv a le n t  to  [110] (Assuming t h a t  S ea rs  was u s in g  th e  p r im i t iv e  rhombo- 
h e d r a l  b a s is  in  d e s c r ib in g  th e  m ercury c e l l ,  though he had n o t m entioned  
th e  ty p e  o f  s t r u c t u r e  ad o p ted . Here he has been  g iven  th e  b e n e f i t  o f  th e  
doubt and h i s  approach  c o n s id e re d  as u s in g  th e  p r im i t iv e  rh o m b o h ed ra l) .
The c ro ss  s e c t io n  o f  th e  w h isk e r was assumed by S ears  to  be a rhombus 
bounded by th e  (100) p la n e s .  These p la n e s  a re  th e  c lo s e s t  packed  p la n e s  
in  th e  p r im i t iv e  rhom bohedral s t r u c t u r e  o f  m ercury (A ppendix I I I ) .  T h is  
c o n t r a d ic t s  th e  r e s u l t s  o b ta in e d  in  th e  p r e s e n t  p r o j e c t  w hich r e v e a le d  
w ith o u t any am b igu ity  t h a t  th e  d i f f r a c t i o n  p a t t e r n s  o f  a w h isk e r ly in g  
f l a t  on one o f  i t s  s id e s  was e i t h e r  p a r a l l e l  to  th e  ( 110) o r  th e  ( 110) and 
s in c e  S ears  was le d  to  h i s  assum ption  by th e  o b s e rv a tio n s  he made u s in g  a  
t r a v e l l i n g  m icroscope which can g iv e  a  maximum m a g n if ic a tio n  o f  (60 x) th e  
growth mode o f  th e  w h isk e rs  r e p o r te d  h e re w ith  i s  c o n s id e re d  to  be more 
r e l i a b l e .
I f  th e  w h isk e rs  grew by th e  a d d i t io n  o f  atoms t o  s u r f a c e  s te p s  
te rm in a t in g  on th e  screw  d i s lo c a t i o n s ,  th e  l a t t e r  m ust n e c e s s a r i ly  p o sse s  
B urgers v e c to rs  a lo n g  [lO O ], th e  d i r e c t io n  norm al to  th e  grow th p la n e .
T his mechanism i s  d i f f e r e n t  from t h a t  assumed by S e a r s ,  who p o s tu la te d  
th a t  th e  w h isk e rs  n u c le a te  on t i n y  c r y s t a l l i n e  re g io n s  on th e  g la s s  
s u r fa c e  which p r e s e n t  a  screw  d i s lo c a t i o n ,  th e  screw  d i s lo c a t io n  i s  th e n  
tra n s p o s e d  to  a  screw  d is lo c a t io n  in  th e  m ercury c r y s t a l l i t e  and th e
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c r y s t a l l i t e  grows from  th e  g la s s  s u r f a c e  as  w h isk e r . I t  w i l l  be shown 
l a t e r  when d is c u s s in g  th e  grow th mechanism o f  p l a t e l e t s  t h a t  t h i s  
assum ption  i s  q u i te  u n j u s t i f i a b l e  in  th e  l i g h t  o f  th e  r e s u l t s  o b ta in e d  in  
t h i s  w ork .
X.
The w id th  o f  th e  w h isk e rs  was found to  be in  th e  ran g e  o f  0 .0 8 -0 .1  y 
by m easurem ents ta k en  from  e le c t r o n  m ic ro g rap h s . I t  was a l s o  found t h a t  
t h i s  was to o  th ic k  f o r  tra n s m is s io n  e le c t r o n  m icroscopy . S ea rs  had 
r e p o r te d  th e  w h isk e rs  w id th  to  be 0.01 ym, w hich i s  w e ll  w ith in  th e  
p e n e t r a t in g  power o f  th e  e l e c t r o n  m icro sco p e .
A s tu d y  o f  th e  grow th o f  p o ta ss iu m  brom ide and p o ta ss iu m  io d id e  
c r y s t a l s  (w hich have c r y s t a l  s t r u c t u r e  s im i la r  to  th e  NaCl s t r u c t u r e )  
showed t h a t  under th e  p ro p e r  c o n d it io n s  th e  s o l i d  c r y s t a l s  can grow as 
th in  ro d s  -(w h is k e rs ) 3 p l a t e l e t s  and p a r a l le lo p ip e d  (Newkirk and S ea rs  
1955). These o b se rv a tio n s  can be  c o n s id e re d  i d e n t i c a l  to  th e  grow th o f  
w h is k e rs , rhombus shaped  and p a ra l le lo g ra m  shaped  c r y s t a l s  in  m ercury .
When th e  s u p e r s a tu r a t io n  r a t i o  was in c re a s e d  by v a ry in g  th e  r e s e r v o i r  
te m p e ra tu re  ( a f t e r  th e  grow th o f  w h isk e rs  had  tak en  p la c e )  p l a t e l e t  
shaped  c r y s t a l s  s t a r t e d  to  form on th e  g la s s  s u r f a c e .  From th e  ex p erim en ts  
u n d ertak en  in  t h i s  work i t  was found t h a t ,  te rm in a t in g  th e  grow th p ro c e s s  
a t  a r e s e r v o i r  te m p era tu re  o f  273CK, a l l  th e  p l a t e l e t s  p roduced  w ere found 
to  be grow ing p a r a l l e l  to  th e  ( 111) p la n e  and t h i s  ty p e  o f  p l a t e l e t  h as  a 
rhombus sh ap e . When th e  r e s e r v o i r  te m p e ra tu re  was a llo w ed  to  r i s e  t o  298°K 
i t  was found t h a t  a n o th e r  shape o f  c r y s t a l  o c c u rre d , th e y  were found t o  be 
p a r a l l e l  to  th e  ( 110) p la n e  and a l s o  th ic k e r  th a n  th o se  p a r a l l e l  to  th e  
(1 1 1 ) . No defo rm atio n  was s u f f i c i e n t  to  make them th in  enough f o r  t r a n s ­
m iss io n  e le c t r o n  m icroscopy th e r e f o r e  th e  grow th h a b i t  o f  m ercury  c r y s t a l s
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can be r e l a t e d  to  th e  e f f e c t  o f  th e  grow th c o n d itio n s  ^ s p e c i a l l y  t o  th e  
s u p e r s a tu r a t io n  r a t i o  i . e .  when th e  s u p e r s a tu r a t io n  r a t i o  was f a r  below  
a  c r i t i c a l  v a lu e ,  th e  grow th was one d im en sio n a l and w h isk e rs  were o b se rv ed ; 
when th e  s u p e r s a tu r a t io n  r a t i o  was in c re a s e d  by r a i s i n g  th e  r e s e r v o i r  
te m p e ra tu re , and a c r i t i c a l  v a lu e  o f  th e  s u p e r s a tu r a t io n  was re a c h e d  
th e  one d im en sio n a l grow th cea se d  and p l a t e l e t  shape c r y s t a l s  s t a r t e d  
to  grow w hich have a  rhombus l a t e r a l  fa c e . A f u r th e r  in c re a s e  in  th e  
su p e r-s a tu ra tio n  r e s u l t e d  in  a n o th e r  grow th h a b i t  o f  c r y s t a l s  h av in g  a 
p a ra l le lo g ra m  l a t e r a l  sh a p e , w hich a re  s m a lle r  th a n  th e  f i r s t  ty p e  and 
th i c k e r .  I t  m ust be em phasized h e re  t h a t  th e  grow th p ro c e s s  was s to p p ed  
a t  a te m p e ra tu re  o f  273°K in  an a t te m p t to  produce th in n e r  p l a t e l e t s  
and th e  r e s u l t  o f  h av in g  p l a t e l e t s  o f  rhombus shapes o n ly  w hich a re  
p a r a l l e l  to  th e  c lo s e s t  packed p la n e  in  m ercury was u n ex p ec ted . As w i l l  
be d is c u s s e d  l a t e r  in  t h i s  c h a p te r ,  th e  o r i g i n a l  id e a  s u g g e s te d  by S ea rs  
o f  th e  grow th o f  th e s e  p l a t e l e t s  was t h a t  d u r in g  th e  e v a p o ra tio n  th e  
p l a t e l e t s  re a c h  a  c e r t a in  s iz e  b e fo re  th e y  s t a r t  th ic k e n in g ; t h i s  was 
shown -to b e  in c o r r e c t .  I t  must a ls o  be m entioned  t h a t  S ea rs  d id  n o t  r u le  
o u t th e  p o s s i b i l i t y  o f  h av in g  more th a n  one shape o f  p l a t e l e t s ;  he s t a t e d  
in  h i s  d e s c r ip t io n  o f  th e  c r y s t a l  h a b i t  o f  m ercury p l a t e l e t  t h a t  th e  
"m ost common" shape was a rhombus shaped  p l a t e l e t .
As has been shewn, th e  rhombus shaped  p l a t e l e t  was found t o  be  
p a r a l l e l  to  th e  ( 111) p la n e  which i s  th e  c lo s e s t  packed  p la n e  in  m ercury ; 
th e  a c u te  ang le  was found to  be 71 .5° and t h i s  i s  c o n s i s te n t  w ith  th e  
ang le  betw een th e  c lo s e s t  packed d i r e c t io n s  [ llO ]  and [1 0 1 ]. Hence th e  
p l a t e l e t  can be c o n s id e re d  bounded by th e  o th e r  two c l o s e s t  packed  p la n e s  
nam ely th e  (111) and (1 1 1 ) . T his i s  q u i te  c o n s i s te n t  w ith  S ea rs  
assu m p tio n .
-  89 -
The p a ra l le lo g ra m  ty p e  p l a t e l e t  had an a c u te  an g le  o f  ab o u t 78° and 
th e  on ly  d i r e c t io n s  w ith  low in d ic e s  t h a t  make an an g le  n e a r  78° were 
found to  be [OOl] and [221] d i r e c t i o n s ,  s in c e  each  o f  th e s e  d i r e c t io n s  
l i e s  on a  c lo se d  packed  p la n e  t h a t  makes a  r i g h t  an g le  w ith  th e  o r i g i n a l  
f o i l  nam ely ( 110) and ( 110) r e s p e c t iv e ly ,  th e r e f o r e  th e  p a ra l le lo g ra m e  
p l a t e l e t  can be c o n s id e re d  bounded by th e  (110) and (110) p la n e s .  S ince 
th e  s id e s  o f  t h i s  ty p e  o f  p l a t e l e t  w ere n o t  e q u a l as  i s  th e  case  in  th e  
rhombus shaped  i t  i s  q u i te  s a t i s f a c t o r y  to  c o n s id e r  two d i f f e r e n t  ty p e s  
o f  p la n e s  bounding  th e  c r y s t a l  b ecau se  th e y  would be e x p e c te d  t o  have 
d i f f e r e n t  s u r fa c e  f r e e  e n e rg ie s  and grow th r a t e s .
The grow th mechanism o f  th e  m ercury p l a t e l e t s  can b e s t  be e x p la in e d  
in  te rm s o f  th e  screw  d is lo c a t io n  growth c o n c e p ts . These co n ce p ts  a re  
q u i te  g e n e ra l ly  a p p l ic a b le  to  c r y s t a l  grow th from th e  vapour p h a s e 9 w ith  
m inor m o d if ic a t io n  t o  grow th from  s o lu t i o n s .  Some o f  th e  m ost co n v in c in g  
ev id en ce  f o r  th e  screw  d is lo c a t io n  mechanism o f  c r y s t a l  grow th has been  
p ro v id e d  by m ic ro sco p ic  o b s e rv a tio n s  o f  th e  grow th o f  cadmium io d id e  
p l a t e l e t s  (F o r ty  1951). Thin p l a t e l e t s  grow a t  c o n s ta n t  th ic k n e s s  to  a 
w id th  o f  ab o u t 1 mm. Frank (1951) has p o s tu la te d  t h a t  th e  p l a t e l e t s  
become s e l f - s t r e s s e d  by non -u n ifo rm  d i s t r i b u t i o n  o f  im p u r i t i e s  and as  
a  r e s u l t 9 u l t im a te ly  b u ck le  and s h e a r  to  g e n e ra te  a  group o f  screw  
d i s lo c a t io n s .  F o rty  (1952) s u g g e s te d  t h a t  th e  p l a t e l e t s  a re  s h e a re d  by 
co n v ec tio n  c u r r e n t s .  Both o f  th e s e  su g g e s tio n s  were s u b je c t  to  s e r io u s  
o b je c t io n s  when th e y  were f i r s t  in tro d u c e d . L a te r  i t  was re c o g n iz e d  by 
Newkirk (195^) t h a t  th e  grow th b e h a v io u r  o f  cadmium io d id e  c r y s t a l s  from 
a  s o lu t io n  which was f r e e  from any c o l lo id a l  p a r t i c l e s  was q u i te  d i f f e r e n t  
from grow th in  th e  p re se n c e  o f  im p u r i ty ; w h ile  m otion p ic tu r e  re c o rd s  
o f  cadmium io d id e  p l a t e l e t  grow th (F o r ty  1952) p ro v id e d  ad eq u a te  ev id en ce
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t h a t  th e  p l a t e l e t s  move v ery  s lo w ly  in  s o lu t io n  and th e r e f o r e  canno t be 
s u b je c t  to  la rg e  v isc o u s  f o r c e s ,  w hich w ould be n e c e ss a ry  f o r  th e  su c c e ss  
o f  th e  co n v ec tio n  c u r r e n t  m echanism. T h e re fo re  F ranks assum ption  i s  more 
co n v in c in g  th a n  F o r ty ’s .  Hence i t  can be p o s tu la te d  f o r  th e  grow th o f  
m ercury p l a t e l e t s  t h a t  l a t e r a l  grow th in v o lv e s  a  s e t  o f  c ro s s e d  screw  
d is lo c a t io n s  and s in c e  i t  h as  been found t h a t  th e  grow th o f  th e  p l a t e l e t s  
i s  m ain ly  two d im en sio n a l w ith  a  s i g n i f i c a n t  a d d i t io n a l  grow th t h a t  
c o n t r ib u te s  to  th e  th ic k n e s s  th e  grow th co u ld  be e x p la in e d  on th e  b a s is  
t h a t  th e  p l a t e l e t s  g e n e ra te  a  s e t  o f  screw  d is lo c a t io n s  w hich a re  form ed 
as a  r e s u l t  o f  im p u r i t ie s  w hich cause th e  p l a t e l e t s  to  become s e l f -
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s t r e s s e d . , From th e  c r y s t a l  geom etry o f  th e  rhombus shaped  p l a t e l e t s  i t  
was found  t h a t  th e  screw  components r e s p o n s ib le  f o r  th e  grow th co u ld  have 
a <110> a x is  and f o r  i n i t i a t i n g  th e  grow th o f  th e  p a ra l le lo g ra m  p l a t e l e t s  
th e  screw  component co u ld  be o f  <110> and <100> ty p e . We may sum m arise th e  
d i f f e r e n c e s  betw een ou r d e d u c tio n s  and th o se  o f  S ea rs  a s  fo llo w s :
( i )  We p r e f e r  th e  h y p o th e s is  t h a t  th e  screw  d is lo c a t io n s  r e s p o n s ib le  
f o r  grow th o r ig in a te  a s  a r e s u l t  o f  some s t r e s s  w ith in  th e  
c r y s t a l s  th em se lv es  r a t h e r  th a n  a s  a  r e s u l t  o f  grow th from  th e  
s u b s t r a t e .  ( I t  w i l l  be remembered t h a t  in  th e  p r e s e n t  work 
p l a t e l e t s  have been grown on v a r io u s  s u b s t r a t e s ) .
( i i )  We have found t h a t  th e  c r y s t a l s  a t t a i n  t h e i r  f i n a l  th ic k n e s s  
very  e a r ly  in  th e  grow th p r o c e s s ,  and no s u p p o r t was o b ta in e d  
f o r  S e a r s ’ p o s tu la te  t h a t  th e  p l a t e l e t s  a t t a i n  a c r i t i c a l  l a t e r a l  
dim ension b e fo re  th ic k e n in g .
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In  exam ining  th e  deform ed m ercury p l a t e l e t s  by th e  e l e c t r o n  m icro ­
scope i t  was p o s s ib le  to  m easure th e  th ic k n e s s  o f  th e  f o i l  from m easuring  
th e  w id th  o f  a  s in g le  f e a tu r e  ( a  s l i p  o r  a  s ta c k in g  f a u l t ) .  One m ust be 
v ery  c a r e f u l  h e re  n o t  to  m easure th e  w id th  o f  more th a n  one f e a tu r e  ly in g  
p a r a l l e l  to  each  o th e r  and s i t u a t e d  v ery  n e a r  to  each o th e r  in  such  a way 
t h a t  th e y  m igh t look  as i f  th e y  a re  coming from  a s in g le  f e a tu r e  ly in g  
on a s in g le  p la n e .  The th ic k n e s s  o f  th e  deform ed specim ens w ere found
o
to  be in  th e  range  o f  500-650 A. T h is  f in d in g  a g a in  d id  n o t  a g ree  w ith
o
S e a r s ’s e s t im a te  o f  a  p l a t e l e t  th ic k n e s s  o f  12 A. S ea rs  deduced th e  
th ic k n e s s  from th e  average  d e f le c t io n  in  Brownian m otion o f  a  p l a t e l e t  and 
assumed th e  d im ensions o f  th e  p l a t e l e t - g l a s s  in t e r f a c e  to  be a  sq u a re  
( c h a p te r  1 ) .  From th e  d i f f e r e n t i a l  e q u a tio n  f o r  th e  d e f le c t io n  cu rve 
o f  a  b e n t beam9 assum ing th a t  th e  p l a t e l e t  i s  a  beam o f  c o n s ta n t  th ic k n e s s  
b u t  in c re a s in g  w id th  and r e p la c in g  th e  rhom bic fa c e  o f  a p l a t e l e t  by  a 
t r i a n g u l a r  f a c e ,  f o r  ea se  o f  c a l c u l a t i o n ,  he deduced th e  moment o f  i n e r t i a  
and th e  b en d in g  moment, combined th e  two e q u a tio n s  and in t e g r a t e d ,  th e n
T •a p p l ie d  th e  boundary c o n d itio n  (d y /d x  = 0 f o r  x s -  ta n  w here x i s  
h a l f  th e  le n g th  o f  a p l a t e l e t  and « i s  h a l f  th e  an g le  o f  th e  p l a t e l e t  a t  th e  
g la s s  i n t e r f a c e ,  t  i s  th e  th i c k n e s s ) .  A f te r  d e r iv in g  th e  p o t e n t i a l  en erg y  
o f  a b e n t beam he c a lc u la te d  t h a t  th e  p l a t e l e t  th ic k n e s s  i s  g iv en  by
fl2&kTto — ■ —  1 k
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where I  i s  th e  p l a t e l e t  le n g th  k i s  B o ltzm ann 's  c o n s ta n t ,  T i s  th e  a b s o lu te  
te m p e ra tu re , E i s  Youngs modulus and 02 i s  th e  average  a n g u la r  d e f l e c t i o n .
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L et us c o n s id e r  th e  assum ption  made in  s o lv in g  th e  above e q u a tio n : 
As th e  th ic k n e s s  x i s  p r e s e n t  on b o th  s id e s  o f  th e  e q u a t io n .  S ea rs  su b ­
s t i t u t e d  th e  x on th e  r i g h t  hand s id e  by 0 .0 3  mm (w hich i s  th e  t i c k n e s s  
e s tim a te d  by Volmer and E sterm ann in  1921); A cco rd in g ly  he deduced th e  
x on th e  l e f t  hand s id e  and found i t  to  be 0.0012 ym , t h i s  i s  e x a c t ly  
a  f a c t o r  o f  25 d if f e r e n c e  f o r  w hich he gave no re a s o n . However, th e  
e x p e r im e n ta l method in  th e  p r e s e n t  work can be c o n s id e re d  th e  most 
re a so n a b le  and gave r e a l i s t i c  r e s u l t s  as  i t  was o b ta in e d  by d i r e c t  
o b se rv a tio n s  and no ad hoc assum ptions w ere n e c e s s a ry . F urtherm ore  
0.0012 ym i s  ve ry  much below  th e  th ic k n e s s  r e q u ir e d  f o r  e l e c t r o n  m icro ­
scopy (even  th e  th ic k n e s s  e s tim a te d  by Volmer and E asterm ann o f  0 .0 3  ym 
would have been  th in  enough f o r  tr a n s m is s io n  e le c t r o n  m ic ro sc o p y ) . As 
i t  has been found in  th e  p r e s e n t  work t h a t  th e  as-grow n p l a t e l e t s  w ere 
h a rd ly  th in  enough f o r  d i f f r a c t i o n  p a t t e r n s ,  and a p l a t e l e t  had  to  be 
deform ed u n t i l  i t s  s i z e  was a lm o st doubled  to  make i t  t h i n  enough f o r  
t r a n s m is s io n ,  we can assume t h a t  th e  as-grow n p l a t e l e t s  were in  th e  range 
o f  th ic k n e s s  o f  1000-1100 A.
The d e fo rm atio n  o f  th e  p l a t e l e t s  was u n d ertak en  s o le ly  to  p roduce 
th in n e r  specim ens and i t  was done a t  a  te m p e ra tu re  o f  193°K w hich i s  
abou t 0.8M- o f  th e  m e ltin g  p o in t  o f  c r y s t a l l i n e  m ercury . S ince  i t  was n o t  
p o s s ib le  to  deform  th e  c r y s t a l s  a t  a  much low er te m p e ra tu re  b ecau se  th e  
a lc o h o l where th e  c r y s ta l s  were s to r e d  and deform ed w ould s o l i d i f y  (hence 
p re v e n tin g  any p o s s ib le  d e fo rm a tio n ) th e  above p ro c e s s  c o u ld  be c o n s id e re d  
as nh o t work" f o r  m ercury b ecause  i t  was very  n e a r  t o  th e  m e ltin g  p o in t  
o f  th e  m e ta l and co n seq u en tly  th e  specim ens p roduced  w ere h e a v i ly  f a u l t e d  
and co u ld  n o t be a n n e a le d .
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E le c tro n  m icroscopy o f  c r y s t a l l i n e  m ercury has n o t  been  u n d ertak en  
b e f o r e ;  as th e  deform ed specim ens were th in  enough f o r  tr a n s m is s io n  
m icroscopy , th e  f a u l t s  o b served  may be a l l  due to  th e  d e fo rm a tio n  a p p l ie d .  
Furtherm ore  e le c t r o n  m icroscopy s tu d ie s  do n o t  always ag ree  w ith  s tu d ie s  
un d ertak en  by o th e r  methods b ecau se  th e  t i n y  s i z e  o f  th e  specim ens used  
do n o t  alw ays r e p r e s e n t  th e  c h a r a c t e r i s t i c s  o f  th e  b u lk .
U n fo r tu n a te ly  i t  was n o t  p o s s ib le  t o  vary  th e  d i f f r a c t i o n  
c o n d itio n s  in  t h i s  work ( th e  re a so n s  f o r  t h i s  a re  e x p la in e d  in  c h a p te rs  
2 and 3) in  o rd e r  t o  a s s ig n  t e n t a t i v e l y  th e  B urgers  v e c to rs  o f  th e  
d i s lo c a t io n s  o b se rv ed  and to  d e te rm in e  th e  s ig n  o f  th e  d isp la c e m e n t 
v e c to rs  o f  th e  s ta c k in g  f a u l t s .  I t  i s  a l s o  h ig h ly  d e s i r a b le  to  o b ta in  
th e  optimum c o n t r a s t  w hich can be a ch iev ed  by t i l t i n g  a spec im en , which 
w ould a ls o  p e rm it s t e r e o  p a i r s  to  be p h o to g rap h ed . In  th e  p r e s e n t  work 
th e  in v e s t ig a t io n s  w ere l im i te d  to  th e  use o f  th e  t r a c e  a n a ly s i s  m ethod.
No p re v io u s  e x p e rim e n ta l in fo rm a tio n  on th e  s ta c k in g  f a u l t s  
e x i s t i n g  in  c r y s t a l l i n e  m ercury has been  r e p o r te d  b e fo re  and in d e e d  th e  
r e s u l t s  d e s c r ib e d  h e re  w ere p a r t i c u l a r l y  i n t e r e s t i n g  a s  i t  was shown 
f o r  th e  f i r s t  tim e t h a t  th e  s ta c k in g  f a u l t s  la y  on th e  {111} p la n e ,  which 
i s  th e  c l o s e s t  packed  p la n e  in  m ercu ry , and t h e i r  d i r e c t io n s  w ere found 
to  be e i t h e r  th e  [110] o r  th e  [ O i l ] .  These d i r e c t io n s  have been  r e p o r te d  
p re v io u s ly  to  o p e ra te  on s l i p  in  c r y s t a l l i n e  m ercury (R id e r  and H eckscher 
1966, A b e ll and C rocker 1968, A ytas and C rocker 197D). The [110] d i r e c t io n  
i s  th e  s h o r t e s t  l a t t i c e  v e c to r  in  m ercury w ith  an in te r - a to m ic  sp a c in g  
o f  15% le s s  th a n  t h a t  in  [O il]  d i r e c t io n  and i t  i s  g e n e ra l ly  h e ld  t h a t  
th e  dom inating  d i r e c t io n  f o r  s l i p  in  a  c r y s t a l  i s  th e  most c lo s e ly  packed  
one though a t  h ig h  te m p e ra tu re s  o th e r  d i r e c t io n s  do o c c u r .
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I t  would have been  p o s s ib le  to  d e term in e  th e  n a tu re  o f  a  s ta c k in g  
f a u l t  (w h e th e r i t  i s  i n t r i n s i c  o r  e x t r i n s i c ) , i f  th e  s ig n  o f  th e  d i s p la ­
cem ent v e c to r  R was known.
To i d e n t i f y  th e  d isp la c e m e n t v e c to r  R o f  a  s ta c k in g  f a u l t ,  th e  
fo llo w in g  o b s e rv a tio n s  a re  n e c e s sa ry
( i )  F in d in g  th e  to p  and b o ttom  o f  th e  f a u l t  (by  t i l t i n g  o r  d u ^ k * fie ld )
( i i )  In s p e c t in g  th e  m icrograph  to  d e te rm in e  w h e th er th e  to p  f r in g e  i s  
d ark  o r  b r ig h t  on a  p o s i t i v e  p r i n t .  From t h i s  th e  v a lu e  o f  th e  
phase  an g le  a can be found and hence s u b s t i t u t i n g  in to  th e  
r e l a t i o n  a = 2 i t  g .R , (g  can be found by in s p e c t in g  th e  d i f f r a c t i o n  
p a t t e r n  and lo c a t in g  a  s t r o n g  r e f l e c t i o n )  th e  n a tu re  o f  th e  f a u l t  
can be r e a d i ly  d e te rm in e d .
The s ta c k in g  f a u l t  energy  y  in  c r y s t a l l i n e  m ercury was e s t im a te d  
to  be 10 elfg cm-2 (S in g le to n  and C rocker 1971) by c o n s id e r in g  th e  w id th  
"d" o f  th e  p o s s ib le  ex ten d ed  d is lo c a t io n s * v a lu e s  o f  th e  p ro d u c t yd were 
d e term ined  u s in g  a p ro ced u re  due to  S tro h  (1 9 5 8 ). The in v e s t ig a t io n s  
c a r r i e d  ou t in  t h i s  p r o je c t  showed t h a t  S t r o h ’s p ro c e d u re  was n o t  c a re ­
f u l l y  fo llo w ed  by S in g le to n  and C rocker ana hence th e  v a lu e  o f  10 etfg cm“2 
g iven  to  th e  s ta c k in g  f a u l t  en erg y  co u ld  be im proved; f u r t h e r  i n v e s t ig a t io n s  
a re  n e c e s sa ry  t o  d e term in e  th e  s ta c k in g  f a u l t  energy  unam biguously .
A d is lo c a t io n  netw ork ( f i g .  3 .2 0 ) was s tu d ie d  and th e  a n g le  betw een 
th e  d is lo c a t io n  l i n e s  was found to  be c o n s is te n t  w ith  th e  an g le  betw een 
th e  [ llO ] and [ lO l]  d i r e c t io n s ;  th e  p la n e  o f  th e  fo il (w h ic h  i s  p a r a l l e l  
to  th e  p la n e  o f  th e  ne tw ork ) was th e  ( 111) p la n e .
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H eckscher and C rocker (1965) su g g e s te d  t h a t  th e  B urgers  v e c to rs  
o f  th e  screw  d is lo c a t io n s  in  th e  b a s a l  p la n e  o f  th e  m ercury l a t t i c e  were 
2 [ l lO ] 9 J [ lO l]  and J [ O l i ] ,  Assuming t h i s ,  we may p o s tu la te  th e  fo llo w in g  
r e a c t io n  f o r  th e  d i s lo c a t io n s  in  th e  netw ork  seen  in  f i g .  ( 3 .2 2 ) : -  
J [110] + J t lO l ]  J [ 01l ] ,  t h i s  assum ption  i s  c o n s i s te n t  w ith  th e  p re v io u s  
t h e o r e t i c a l  work m en tioned .
Had i t  been  p o s s ib le  t o  t i l t  th e  specim en (v ary ing - th e  d i f f r a c t i o n  
c o n t r a s t )  th e  B urgers v e c to r  o f  th e  o b se rv ed  d is lo c a t io n s  w ould have been  
d e term ined  unam biguously . T ab le  4 .1  g iv e s  th e  p o s s ib le  B urgers  v e c to r s  
o f  th e  d i s lo c a t io n s  p r e s e n t  in  th e  c l o s e s t  packed  p la n e  in  m ercury and 
th e  c o n d itio n s  o f  g .b  = 0 a re  in d ic a te d ,  though i t  sh o u ld  be  b o rn e  in  
mind t h a t  b ecause  m ercury i s  a  very  a n is o t r o p ic  m e ta l ( i n  f a c t  i t  i s  th e  
m ost a n i s o t r o p ic  p u re  m e ta l known) i t  fo llo w s  t h a t  in  p r a c t i c e  a  c o n d itio n  
o f  i n v i s i b i l i t y  (g .b  = 0) m ight n o t  be a c h ie v e d . Even so  some v a r i a t i o n  
in  c o n t r a s t  i s  to  be e x p e c te d  from  w hich th e  B urgers  v e c to r  m ight 
c o n ce iv ab ly  be d e te rm in ed .
S l ip  in  c r y s t a l l i n e  m ercury has been s tu d ie d  by many p re v io u s  w orkers 
( c h a p te r  I ) ;  in  th e  p r e s e n t  work th e  r e s u l t s  o b ta in e d  in d ic a te d  t h a t  th e  
o p e ra t iv e  s l i p  p la n e  was { i l l }  and th e  p redom inan t s l i p  d i r e c t io n s  a t  - 
183°K w ere [110] and [O il]  d i r e c t io n s .  These f in d in g s  a re  in  agreem ent 
w ith  th e  p re v io u s  in v e s t ig a t io n s  u n d ertak en  by R id e r  and H eckscher (1 9 6 6 ) , 
A b e ll and C rocker (1968) and A ytas and C rocker (1970) a t  a  te m p e ra tu re  
o f  200°K and s in c e  th e  te m p e ra tu re  a t  which th e  d e fo rm atio n  was a p p l ie d  
in  th e  p r e s e n t  work was 183°K, th e  f in d in g  r e p o r te d  in  t h i s  p r o j e c t  a r e
I
c o n s is te n t  w ith  th e  p re v io u s  o b s e rv a t io n s .
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R e f le c tio n
\
B urgers  V ecto rs  b
cro Hiio] ifioi] J[01l] iUioJ iEioi] ifoil]
220 0 +1 +1 +2 +i +i
113 +i +2 +2 0 +i +i
313 +i 1 +3
i ..........
+1 +2 0 +2
T able H .l
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Tw inning in  c r y s t a l l i n e  m ercury h a s  been s tu d ie d  in  th e  p r e s e n t  w ork; 
in d e x in g  o f  th e  e x t r a  s p o ts  re v e a le d  by th e  s e le c te d  a re a  d i f f r a c t i o n  
p a t t e r n s  d id  n o t  ag ree  w ith  p re v io u s  e x p e rim e n ta l in v e s t ig a t io n s  u n d er­
ta k en  on b u lk  specim ens (C ro ck er e t  a l  1966). These w orkers  have r e p o r te d  
t h a t  th e se  tw in s  a re  o f  th e  ty p e  I I  mode w ith  i t s  e lem en ts  g iven  by 
{135} {111} <121> {<011>f . T his tw in n in g  mode i s  very  s u rp r is in g ; ,  because  
modes w ith  i r r a t i o n a l  e lem en ts  have o n ly  been o b se rv ed  h i t h e r t o  in  
a -u ran iu m  and even th e n  th e  p redom inan t mode i s  compound hav in g  fo u r  
r a t i o n a l  e lem en ts  (Calm 1953).
The tw in n in g  m icrograph  shown in  f i g .  3 .23  and th e  accom panied 
s e le c te d  a re a  d i f f r a c t i o n  p a t t e r n  showed t h a t  th e se  tw in s  la y  p a r a l l e l  
to  th e  [ llO ] d i r e c t io n .  The o r ig i n a l  f o i l  was a  (111) p la n e ;  to  d e te rm in e  
th e  t r u e  mode o f  tw in n in g  would r e q u i r e  th e  c o n s tru c t io n  o f  th e  r e c i p r o c a l  
l a t t i c e  p r o je c t io n  and th e  ex am in a tio n  o f  th e  mode f o r  a l l  th e  p ro b a b le  
e le m e n ts . U n fo r tu n a te ly  i t  was n o t  p o s s ib le  to  c a r ry  o u t t h i s  p ro c e s s  
due to  th e  s h o r ta g e  o f  tim e . F ig . 3 .24  was even more c o m p lic a te d  to  
a n a ly se  because*  f i r s t  th e  specim en was v e ry  h e a v i ly  deformed* second  i t  was 
n o t  th in  enough to  go to  h ig h e r  m a g n if ic a tio n  and th e  d i f f r a c t i o n  p a t t e r n  
was ta k en  from  an a re a  where th e  e l e c t r o n s  p e n e t r a te d  th ro u g h  two o r  maybe 
more s u b -g ra in s .  As a r e s u l t  o f  t h i s  an a lm o st c i r c u l a r  d i f f r a c t i o n  
p a t t e r n  was o b ta in ed *  which made th e  in d e x in g  o f  th e  o r i g i n a l  p a t t e r n  
and hence th e  e x t r a  s p o ts  an a lm o st im p o ss ib le  t a s k .
T h e re fo re  f u r t h e r  work i s  n e c e s s a ry  to  d e term ine  th e  t r u e  tw in n in g  
mode o f  m ercury p l a t e l e t s  w ith o u t any a m b ig u ity .
S tre a k s  were observ ed  in  th e  p r e s e n t  work* b o th  from  m ercury w h isk ers  
and th e  m ercury p l a t e l e t s  t h a t  grew w ith  t h e i r  l a t e r a l  fa c e s  d e s c r ib in g  
th e  (110) p la n e .  In  e l e c t r o n  m icroscopy th e re  a re  two p o s s ib le  re a so n s  
f o r  th e  e x is te n c e  o f  s t r e a k s  in  d i f f r a c t i o n  p a t t e r n s .  The f i r s t ,  w hich 
i s  n o t  q u i te  r e le v a n t  to  th e  p r e s e n t  case^ i s  due to  th e  e x is te n c e  o f  
r e c ip r o c a l  l a t t i c e  s p ik e s ;  th e se  o ccu r e i t h e r  as co n tin u o u s  s t r e a k s  
w hich co rresp o n d  to  c r y s t a l s  o n ly  one m olecu le  in  th ic k n e s s  o r  o f  s h o r te r  
sp ik e s  p a s s in g  th ro u g h  th e  main r e c ip r o c a l  l a t t i c e  p o in t s ,  in  e i t h e r  case  
th e  i n t e r a c t io n  betw een th e  sp h e re  o f  r e f l e c t i o n  and th e  r e c ip r o c a l  
l a t t i c e  ro d  o r  s p ik e  needs t o  be c o n s id e re d  in  o rd e r  to  d e te rm in e  th e  
p o s i t io n  o f  th e  c o rre sp o n d in g  d i f f r a c t i o n  s p o t .  These d i f f r a c t i o n  s p o ts  
u s u a l ly  have f r a c t i o n a l  in d i c e s ,  s in c e  th e y  w i l l  n o t  c o in c id e  w ith  
p o s i t io n s  o f  th e  norm al d i f f r a c t i o n  s p o ts .  T h is  can n o t e x p la in  th e  
e x is te n c e  o f  co n tin u o u s s t r e a k s  in  th e  d i f f r a c t i o n  p a t t e r n s  o b ta in e d  h e re  
b ecau se  co n tin u o u s  s t r e a k s  a re  g e n e ra te d  in  t h i s  way o n ly  from v e ry  th in  
specim ens (a s  one m olecu le  th ic k n e s s ) .  The second p o s s ib le  re a so n  f o r  
th e  e x is te n c e  o f  s t r e a k e d  d i f f r a c t i o n  p a t t e r n s ,  w hich i s  th e  re a so n  we 
b e l ie v e  v a l id  in  th e  p r e s e n t  c a s e ,  i s  due t o  r e c ip r o c a l  l a t t i c e  s h e e ts  
p e rp e n d ic u la r  to  th e  p la n e  o f  th e  f o i l  ( p a r a l l e l  to  th e  e l e c t r o n  beam) 
c o n ta in in g  s ta c k in g  f a u l t s .  I t  h as  been  re c o g n iz e d  t h a t  s ta c k in g  f a u l t s  . 
in  any s t r u c t u r e  can le a d  to  s t r e a k in g  in  th e  d i f f r a c t i o n  p a t t e r n s  i f  
th e  s ta c k in g  f a u l t s  p la n e  i s  p a r a l l e l  to  th e  e l e c t r o n  beam (C ochrane 
1936), H irsch  Howie and Whelan (1965) and Andrews e t  a l (1 9 6 7 ) .  As th e  
s t r e a k s  o b served  can a l l  be r e l a t e d  t o  th e  c l o s e s t  packed  p la n e  in  
m ercury , t h i s  i s  a n o th e r  c o n firm a tio n  t h a t  s ta c k in g  f a u l t s  on th e  ( 111) 
p la n e  e x i s t  in  m ercury .
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A lthough th e  i d e n t i f i c a t i o n  o f  th e  s t r u c t u r e  o f  e th y l  a lc o h o l  i s  
in  no way d e s c r ib in g  th e  m o lecu la r  a rrangem en t o f  th e  a to m s, i t  does 
a llo w  unique i d e n t i f i c a t i o n  o f  th e  r e f l e c t i o n s  a r i s i n g  from  th e  p re se n c e  
o f  s o l i d  a lc o h o l .  T h is i s  im p o rta n t s in c e  i t  co u ld  have been  a rg u ed  
t h a t  *e x tra *  r e f l e c t i o n s  in  th e  s e le c te d  a r e a  d i f f r a c t i o n  p a t t e r n s  
o b ta in e d  from th e  m ercury co u ld  a r i s e  from  c o n tam in a tio n  o f  th e  
m ercury d u rin g  th e  s to ra g e  o r  p r e p a ra t io n  s ta g e ;  which co u ld  ta k e  th e  
form  o f  one o f  th e  many o x id es  o f  m ercury , th e  s t r u c t u r e s  o f  w hich 
a re  summarized in  Appendix IV , t a b l e  2 .
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CHAPTER V CONCLUSION
5 .1 .  Summary
(1 )  E le c tro n  m icroscopy o f  c r y s t a l l i n e  m ercury had n o t  been  u n d er­
ta k e n  b e fo re .  The r e s u l t s  p ro v id e d  d i r e c t  o b se rv a tio n s  o f  v a r io u s  
i n t e r e s t i n g  c r y s ta l lo g r a p h ic  f e a t u r e s ,  in d ic a t in g  many p o s s i b i l i t i e s  
f o r  f u r th e r  f r u i t f u l  work.
(2 ) Growing m ercury c r y s t a l s  on s u b s t r a te s  o th e r  th a n  g la s s  ( e .g .  c o p p e r, 
carbon  co a ted  g r id  and s t a i n l e s s  s t e e l )  was p o s s ib le .  The r e s u l t s  
d id  n o t ,  however p ro v id e  th in n e r  specim ens.
o
(3 ) The specim en th ic k n e s s  m ust n o t  exceed  a maximum o f  600 A to  make 
any tra n s m is s io n  e le c t r o n  m icroscopy  p o s s ib le .
(4 )  C u tt in g  th e  grow th p ro c e s s  s h o r t  by n o t  a llo w in g  th e  p l a t e l e t s  to  
re a c h  t h e i r  maximum s iz e  d id  n o t p roduce th in n e r  c r y s t a l s ,  a l s o  
l im i t in g  th e  r i s e  o f  th e  m ercury r e s e r v o i r  te m p e ra tu re  d id  n o t  
e f f e c t  th e  th ic k n e s s  o f  th e  f i n a l  p l a t e l e t s .
(5 )  E le c t ro p o l is h in g  c r y s t a l l i n e  m ercury  was p roved  t o  be p o s s ib le  by 
u s in g  a  n i t a l  s o lu t io n  co o led  to  a  te m p e ra tu re  o f  213°K u s in g  a 
s t a i n l e s s  s t e e l  c a th o d e , an anode to  ca th o d e  d is ta n c e  o f  6 cm,
a  v o lta g e  o f  41 V and a  c u r r e n t  o f  34 mA.
( 6) Hammering b u lk  m ercury c r y s t a l s  a t  a te m p e ra tu re  n e a r  th e  m e ltin g  
p o in t  (193°K) was u n d e rta k e n . The r e s u l t  d id  n o t  p ro v id e  specim ens 
which were s u f f i c i e n t l y  th in  f o r  e le c t r o n  m icroscopy .
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(7 )  Deform ing th e  p l a t e l e t s  was u n d ertak en  t o  produce th in n e r  spec im ens.
I t  was n o t  p o s s ib le  to  d e term in e  th e  amount o f  d e fo rm a tio n  
in tro d u c e d , b u t th e  l a t e r a l  fa c e  o f  each  c r y s t a l  was a lm o st doubled  
in  a re a  and hence th e  th ic k n e s s  was red u ced  to  a p p ro x im a te ly  a 
h a l f .  From m easuring  th e  th ic k n e s s  o f  a deform ed p l a t e l e t ,  i t  was 
re a so n a b le  to  conclude th a t  th e  as-grow n c r y s ta l s  w ere w ith in  th e  
th ic k n e s s  range  o f  1000-1200 A.
( 8) Two methods w ere used  to  in d ex  th e  e le c t r o n  d i f f r a c t i o n  p a t t e r n s  
o b ta in e d ; th e  f i r s t  was by th e  c o n s tru c t io n  o f  th e  r e c i p r o c a l  
l a t t i c e  p r o je c t io n s  by w hich th e  d i f f r a c t i o n  p a t t e r n s  w ere in d ex ed  
ro u g h ly . To con firm  th e  in d e x in g  by th e  f i r s t  m ethod, a n o th e r  
approach  was a d a p te d ; i t  in c lu d e d  th e  c a l c u la t io n  o f  th e  r a t i o s  o f  
th e  in t e r p la n a r  sp a c in g s  to  th o s e  o f  th e  r e f l e c t i n g  s p o ts  (A ppendix 
I I ) .
(9 )  M ercury w h isk e rs  w ere found to  grow a s  ro d  shaped  n e e d le s  h a v in g  
two ty p e s  o f  p a r a l l e l  p la n e s ,  th e  ( 110) and th e  ( 110) ;  hence th e  
c ro s s  s e c t io n  was deduced to  be sq u a re .
(10 ) Two ty p e s  o f  p l a t e l e t s  were o b se rv e d , a rhombus which was found  to  be 
s im i la r  to  th e  shape r e p o r te d  p r e v io u s ly .  The second  ty p e  w hich h as  
n o t  been  re p o r te d  b e fo re  ( p o s s ib ly  b ecau se  o f  th e  l im i te d  r e s o lu t io n  
o f  th e  te c h n iq u e  o f  p re v io u s  w o rk e rs) was a  p a ra l le lo g ra m  shaped  
c r y s t a l  which was s m a lle r  th a n  th e  f i r s t  ty p e .
(1 1 ) The l a t e r a l  fa c e  o f  th e  rhombus shaped  p l a t e l e t  was found t o  be 
p a r a l l e l  to  th e  { i l l }  ty p e  p la n e ,  th e  p la n e s  t h a t  bound th e  l a t e r a l  
fa c e  were found to  be th e  rem a in in g  c l o s e s t  packed p la n e s  ( f i g . 3 .6 ) .
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(12 ) The l a t e r a l  face  o f  th e  p a ra l le lo g ra m  shaped c r y s t a l s  was found to  be 
p a r a l l e l  t o  th e  {llo} p la n e .  The p la n e s  t h a t  bound th e  l a t e r a l
fa c e  w ere ( 110) and ( 110) ( f i g . 3 .8 ) .
(13 ) I t  was n o t  p o s s ib le  to  o b ta in  any e le c t r o n  m icrographs from  a 
specim en w hich has a  l a t e r a l  fa c e  p a r a l l e l  to  th e  {110} p la n e ,  
even a f t e r  d e fo rm a tio n . T h is in d ic a te s  t h a t  t h i s  ty p e  o f  c r y s t a l  
i s  th i c k e r  th a n  th e  o th e r  ty p e .
(14 ) S ta c k in g  f a u l t s  in  c r y s t a l l i n e  m ercury have n o t  been  o b serv ed  
b e f o r e ;  th e  in v e s t ig a t io n  c a r r i e d  o u t in  t h i s  p r o j e c t  showed t h a t  
s ta c k in g  f a u l t s  e x i s t  on th e  {111} ty p e  p la n e .
(1 5 ) S l ip  has been o b serv ed  in  th e  p r e s e n t  in v e s t ig a t io n s .  The r e s u l t s  
showed t h a t  th e  s l i p  mode e lem en ts  w ere p rob ab ly . {111} <011> o r  
{111} <110>, a t  a te n p e ra tu r e  o f  183°K. Thus s l i p  i s  on th e  c l o s e s t  
packed  p la n e .
(1 6 ) I t  was n o t  p o s s ib le  to  d e term ine  th e  B urgers v e c to r s  o f  th e  
d i s lo c a t io n s  o b se rv e d , by v a ry in g  th e  d i f f r a c t i o n  c o n t r a s t .  How­
e v e r  use o f  p re v io u s  t h e o r e t i c a l  p r e d ic t io n s  was made to  i d e n t i f y  
th e  B urgers  v e c to rs  o f  a d is lo c a t io n  ne tw ork . I t  was th o u g h t p o s s ib le  
t h a t  th e  netw ork c o n s is te d  o f  J [ l l 0] ,  J [ l 0l ]  and J [ 01l 3 d i s lo c a t i o n s .
(17 ) Twinning in  c r y s t a l l i n e  m ercury was o b se rv ed . The r e s u l t s  w ere 
found to  be in c o n s i s t e n t  w ith  th e  p re v io u s  d e te rm in a tio n s  and f u r t h e r  
work i s  n e c e s sa ry  to  d e te rm in e  th e  t r u e  tw in n in g  mode in  m ercury .
(1 8 ) S ta c k in g  f a u l t s  a r e  r e s p o n s ib le  f o r  s t r e a k s  in  d i f f r a c t i o n  p a t t e r n s .  
S treak e d  d i f f r a c t i o n  p a t t e r n s  w ere observ ed  from f o i l s  in  w hich
th e  c lo s e s t  packed  p la n e  makes a r i g h t  an g le  (b o th  in  w h isk e rs  and 
p l a t e l e t s )  w hich su p p o r ts  th e  assum ption  t h a t  th e  s ta c k in g  f a u l t s
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l i e  in  th e  (111) p la n e . S tre a k s  w ere n o t  formed in  th e  case  when 
th e  f o i l  was p a r a l l e l  to  th e  ( 111) p la n e .
(19 ) T race a n a ly s i s  was th e  o n ly  method used  to  d e te rm in e  th e  d i r e c t io n s  
o f  th e  c r y s ta l lo g r a p h ic  f e a tu r e s  observed  from w hich th e  p la n e s  
t h a t  co rresp o n d  to  th e se  f e a tu r e s  w ere deduced. A lso th e  v a r io u s  
d i r e c t io n s  and p la n e s  t h a t  e f f e c t  th e  grow th o f  th e  as-grow n c r y s t a l s  
were d e term ined  u s in g  th e  above m ethod.
(20 ) E le c tro n  m icroscopy o f  s o l i d  e th y l  a lc o h o l showed t h a t  th e  c r y s t a l  
s t r u c t u r e  co u ld  be r e l a t e d  to  th e  fa c e  c e n tre  cube w ith  th e  l a t t i c e
o
p a ra m e te r  o f  3 .29 ± 0 .02  A. I n d iv id u a l  c r y s t a l l i t e s  were found 
to  be in  th e  s iz e  range  o f  0 .1 2  0 .5  ym.
5 .2 .  F u tu re  Work
I t  co u ld  be r e a d i ly  seen  t h a t  in  s p i t e  o f  th e  numerous t e c h n ic a l  
d i f f i c u l t i e s  en co u n te red  in  th e  p r e s e n t  work and th e  tim e needed  to  
overcome th o se  d i f f i c u l t i e s ,  th e  u l t im a te  r e s u l t s  w ere v e ry  f r u i t f u l  and 
en co u rag in g  and open a  wide f i e l d  o f  i n t e r e s t i n g  f u tu r e  i n v e s t i g a t io n s .
U sing a h ig h e r  v o lta g e  e le c t r o n  m icroscope (> 200 KV) w ould 
p ro v id e  th e  n e c e ss a ry  p e n e t r a t in g  power to  examine th e  as-grow n p l a t e l e t s ;  
t h i s  would e l im in a te  th e  n e c e s s i ty  o f  defo rm ing  th e  c r y s t a l s  w hich caused
th e  in t ro d u c t io n  o f  many u n d e s ira b le  d e f e c t s .  A lso i t  w ould w iden th e
s tu d y  and in c lu d e  th e  in v e s t ig a t io n s  o f  th e  p a ra l le lo g ra m  shaped  c r y s t a l s ;  
t h i s  would p ro v id e  i n t e r e s t i n g  in fo rm a tio n  e .g .  re g a rd in g  p o s s ib le  d e f e c ts  
on th e  second c l o s e s t  packed p la n e  in  m ercury . F u rth e rm o re , u s in g  an
e le c t r o n  m icroscope w ith  a v o lta g e  o f  1 MeV would e n a b le  th e  e x am in a tio n
o f  much th i c k e r  specim ens and i t  h a s  been  p o s s ib le  e x p e r im e n ta lly  to
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H& o b se rv e  d e fe c ts  ( e .g .  d i s lo c a t io n s  and s ta c k in g  f a u l t s )  in  specim ens 
as th ic k  a s  6-9 pm f o r  th e  l i g h t e s t  e lem en ts  such as  alum inium  and 
s i l i c o n  (Humphreys e t  a l ,1 9 7 1 ;  Thomas 1968) 2-3  pm f o r  medium atom ic  
w e ig h ts  such  a s  iro n  (Humphreys e t  a l ,  1971; H ale 1966) b u t  s t i l l  l e s s  
th a n  1 pm f o r  th e  h e a v ie s t  e lem en ts  such as g o ld  and uranium  (Humphreys 
e t  a l 9 1971; Foreman and Hudson 1971). M ercury i s  c o n s id e re d  to  be in  
t h i s  l a s t  c a te g o ry .
A t i l t a b l e  c o ld  s ta g e  f o r  use w ith  a  h ig h  v o lta g e  e le c t r o n  m icro ­
scope i s  n o t  a v a i la b le  a t  p r e s e n t ;  such  d ev ice  would f a c i l i t a t e  
th e  v a r i a t io n  o f  th e  d i f f r a c t i o n  c o n d itio n s  w hich w ould p ro v id e  d i r e c t  
d e te rm in a tio n  o f  th e  d is lo c a t io n s  B urgers v e c to rs  as w e ll  a s  th e  s ig n  
o f  th e  d isp la cem e n t v e c to r  o f  a  s ta c k in g  f a u l t .
The in v e s t ig a t io n  o f  th e  t r u e  mode o f  tw in n in g  by c o n s t r u c t in g  
s ta n d a rd  s te n o g ra p h ic  p r o je c t io n s  f o r  m ercury and exam ining  th e  mode 
f o r  a l l  th e  p ro b a b le  e lem en ts  w ould be most u s e f u l .
E le c tro n  m icroscopy  o f  c r y s t a l l i n e  m e rc u ry  a t  v a r io u s  te m p e ra tu re s  
down to  l i q u id  he lium  w ould p ro v id e  i n t e r e s t i n g  r e s u l t s  and th e  e f f e c t  
o f  te m p e ra tu re  on th e  s l i p  mode co u ld  be  d i r e c t l y  d e te rm in e d .
Deform ing th e  p l a t e l e t s  a t  te m p e ra tu re s  f a r  below  th e  m e ltin g  p o in t  
o f  th e  m e ta l ( l i q u i d  helium  te m p e ra tu re )  would en a b le  th e  c r y s t a l s  to  be 
an n ea led  a f t e r  d efo rm a tio n  and th u s  l a r g e r  g ra in  s i z e  w ith  few er d e f e c ts  
would be o b ta in e d . I t  would a l s o  a llo w  th e  s tu d y  o f  th e  r e - c r y s t a l l i z a ­
t io n  o f  m ercury .
In  e l e c t r o n  m icroscopy a  b r i g h t  f i e l d  image i s  form ed by i n s e r t i n g  
an a p e r tu re  in  th e  o b je c t iv e  le n s  ( f i g .  2 .9 ) .  T his a p e r tu r e  does n o t
a llo w  Bragg r e f l e c t i o n s  to  p a s s  th ro u g h  to  th e  f i n a l  image w hich i s
th e r e f o r e  form ed by th e  d i r e c t  beam and any low an g le  i n e l a s t i c
s c a t t e r i n g .  Images can b e  formed by any one d i f f r a c t e d  beam by e i t h e r
d is p la c in g  th e  a p e r tu re  to  r e c e iv e  t h i s  beam, o r  by t i l t i n g  th e
i l lu m in a t io n  so  t h a t  th e  re q u ir e d  beam p a s s e s  down th e  a x is  o f  th e  
o b je c t iv e .  The r e s u l t i n g  image i s  known as a  dark  f i e l d  im age.
Dark f i e l d  e le c t r o n  m icroscopy o f  c r y s t a l l i n e  m ercury co u ld  be 
c o n s id e re d  a s  an a l t e r n a t i v e  to  th e  b r i g h t  f i e l d  method w ith  s e v e r a l  
ad v a n ta g e s ; p a r t i c u l a r l y  in  o b ta in in g  a d d i t io n a l  c o n t r a s t  in fo rm a tio n  
a ls o  s im p l ify in g  and im proving th e  c o n t r a s t  o f  th e  im age. A gon io m eter 
s ta g e  f o r  t i l t i n g  th e  specim en i s  how ever e s s e n t i a l  to  d e te rm in e  th e  
B urgers  v e c to r s  o f  th e  d i s lo c a t io n s .
Scanning  e le c t r o n  m icroscopy o f  c r y s t a l l i n e  m ercury  w ould e n a b le  
th e  s tu d y  o f  th e  morphology and th e  d i r e c t  ex am in a tio n  o f  th e  m e ta l 
s u r f a c e  to  be u n d e rta k e n . A c o ld  s ta g e  to  be u sed  w ith  th e  sc a n n in g  
e le c t r o n  m icroscope has been developed  (C o rt and S tee d s  1972).
X -ray topography  would be  a com plem entary method to  tr a n s m is s io n  
e l e c t r o n  m ic ro sco p y , f o r  exam ining  d is lo c a t io n s  in  s in g le  c r y s t a l s  o f  
m ercury . I t s  o u ts ta n d in g  ad v an tag es  a re  i t s  a b i l i t y  to  exam ine specim ens 
o f  much g r e a t e r  a re a  and th ic k n e s s .  By com parison , t h i n  f i lm  e l e c t r o n  
m icroscopy i s  cap ab le  o f  much h ig h e r  r e s o lu t io n  s in c e  th e  minimum w id th
o
o f  th e  d e f e c t  image i s  o f  th e  o rd e r  o f  angstrom s (100 A) and hence u s e f u l  
m a g n if ic a tio n  i s  o b ta in a b le ,  a llo w in g  o b s e rv a tio n  o f  in d iv id u a l  
d i s lo c a t io n s  when th e  d is lo c a t io n  d e n s i ty  i s  f a r  in  e x c e ss  o f  106l in e s /c m 2 . 
The d isa d v a n ta g e s  o f  e le c t r o n  m icroscopy  however a re  t h a t  o n ly  t h i n
O
specim ens o f  m ercury 600 A) may be exam ined, w hich may n o t  be
r e p r e s e n ta t iv e  o f  b u lk  sp ec im en s,an d  t h a t  on ly  sm a ll a re a s  and hence 
volumes may be exam ined. Two o th e r  im p o rta n t d i f f e r e n c e s  betw een th e  
two te c h n iq u e s  a r e :  F i r s t , t h e  r a t i o  o f  a n g u la r  range  o f  i l lu m in a t io n  to  
a n g u la r  ran g e  o f  r e f l e c t i o n  i s  v e ry  d i f f e r e n t .  The a n g u la r  ran g e  o f  
r e f l e c t i o n  o f  120 KV e le c t r o n s  by a p e r f e c t  c r y s t a l  i s  ab o u t 10“ 2 r a d ia n s  
f o r  s tro n g  r e f l e c t i o n s ,  b u t  th e  ran g e  o f  i l lu m in a t io n  o f  th e  specim en 
does n o t  exceed  10” lf r a d ia n s .  Thus th e  in c id e n t  e l e c t r o n  beam a c t s  as 
a  p la n e  w ave; i f  th e  i l lu m in a te d  r e g io n  o f  th e  specim en i s  o r ie n te d  as  a 
whole f o r  Bragg r e f l e c t i o n ,  th e n  a  l o c a l ly  d i s to r t e d  p a r t  o f  th e  
i l lu m in a te d  r e g io n  w i l l  no lo n g e r  f u l l y  s a t i s f y  th e  Bragg c o n d i t io n .
In  X -ray topography  th e  a n g u la r  ran g e  o f  r e f l e c t i o n  i s  o f  th e  o rd e r  o f  
10"5 r a d ia n s  and th e  a n g u la r  ran g e  o f  i l lu m in a t io n  i s  o f  th e  o rd e r  o f  
10”3 ^  10” ^  r a d ia n s ;  th e  a n g u la r  ran g e  o f  i l lu m in a t io n  i s  th u s  q u i te  
adeq u a te  to  g e n e ra te  th e  f u l l  in t e g r a te d  r e f l e c t i o n  b o th  from  th e  p e r f e c t  
m a tr ix  and from an in c o h e re n t ly  r e f l e c t i n g  s l i g h t l y  m is o r ie n te d  re g io n  
w ith in  i t .  I t  i s  b ecau se  o f  t h i s  t h a t  X -ray topog raphy  p e rm its  in te n s e  
c o n t r a s t  o f  d i s lo c a t io n  im ages to  be g e n e ra te d  when a b s o rp tio n  i s  low .
Second, th e re  a re  la rg e  d i f f e r e n c e s  in  B raggTs an g le  t y p i c a l l y  1° f o r  th e  
e l e c t r o n  case  and 10° f o r  th e  X -ray c a s e . T h is  d i f f e r e n c e  co u p led  w ith  
th e  f a c t  t h a t  specim ens a re  th i c k e r  in  th e  X -ray case  le a d s  to  c o n s id e ra t io n  
b e in g  g iv e n  in  d e te rm in in g  th e  image c o n t r a s t  a t  th e  X -ray  e x i t  s u r f a c e  
to  a t r i a n g u la r  fan  shaped  re g io n  in  th e  c r y s t a l ,  in  c o n t r a s t  t o  th e  
narrow  column ap p rox im ation  te c h n iq u e  used  in  t r a n s m is s io n  e l e c t r o n  
m icroscopy (H irsc h  e t  a l ,  1965). However in  th e  X -ray to p o g rap h y  method 
th e  m ercury c r y s t a l  sh o u ld  be w ith in  th e  th ic k n e s s  o f  10 ym in  o rd e r  to  
s a t i s f y  th e  optimum d is lo c a t io n  c o n t r a s t  c r i t e r i o n  y t  = 1 (w here y i s  th e  
l i n e a r  a b s o rp tio n  c o e f f i c i e n t ,  t  i s  th e  th ic k n e s s  o f  th e  f o i l )  f o r  an 
X -ray t a r g e t  o f  Ag Ka^ w hich i s  th e  m ost p e n e t r a t in g  r a d i a t i o n  a v a i l a b l e .
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When one c o n s id e rs  t h a t  f o r  s i l i c o n  th e  specim en th ic k n e s s  can be up t o  
3 x 10~2cm ( P u t t ic k  and B ad rick  1974) and f o r  cadmium th e  specim en 
th ic k n e s s  can b e  up to  75 ym fo r  th e  same so u rce  (Ag K a ( B a d r i c k  and 
P u t t i c k  1 9 7 1 ), i t  w i l l  be a p p re c ia te d  t h a t  th e  m ercury specim en th ic k n e s s  
must be e x c e p t io n a l ly  low . A p o s s ib le  p ro ced u re  i s  t h a t  d e s c r ib e d  in  
s e c t io n  ( 2. 10) :  hammering a t  a  v e ry  low te m p e ra tu re  fo llo w ed  by a n n e a lin g  
a  few deg rees  below  th e  m e ltin g  p o in t  o f  m ercury to  p roduce g r a in s  o f  th e  
o rd e r  o f  1 o r  2 mm w ith  a  v e ry  low d is lo c a t io n  d e n s i ty .  I t  m ust a l s o  be 
e n p h as iz ed  h e re  t h a t  in  o rd e r  t o  make X -ray topography  o f  m ercury 
p o s s i b le ,  c o n s id e ra t io n  sh o u ld  be g iv en  to  th e  f a c t  t h a t  when X -rays 
p e n e t r a te  any specim en , no in fo rm a tio n  i s  t r a n s m it te d  from  a re g io n  j u s t  
below  th e  in c id e n t  s u r fa c e  (Lang 1959). The th ic k n e s s  o f  t h i s  r e g io n  has 
been fond  e m p ir ic a l ly  to  be o n e - th i r d  o f  th e  e x t in c t io n  d is ta n c e  and i s  
dependen t on th e  s e t  o f  r e f l e c t i n g  p la n e s  b e in g  used  and i s  g iv en  by
r fmc2} V cos 0
h  = l02 ] AF
w here 0 i s  th e  B ragg a n g le ,  me2 , th e  r e s t  energy  o f  e l e c t r o n ,  e th e  
e l e c t r o n i c  c h a rg e , and V th e  volume o f  th e  u n i t  c e l l ,  F th e  s t r u c t u r e  
f a c to r  f o r  th e  r e f l e c t i o n  o p e ra t in g  and depends on th e  a tom ic  s c a t t e r i n g  
f a c to r  f  and f o r  a  fa c e  c e n tre d  c e l l  i s  e i t h e r  e q u a l t o  ze ro  o r  4 f  
( C u l l i ty  1 9 56 ). f  depends on th e  Bragg an g le  b u t  f o r  Ag KcXj, r a d i a t i o n  
does n o t  v ary  much f o r  th e  s t r o n g e s t  r e f l e c t i n g  p la n e s  in  m ercury . 
C onsequen tly  th e  e x t in t i o n  d is ta n c e  f o r  { i l l )  r e f l e c t i o n  i s  found to  
be 6.6 Pm. Thus no in fo rm a tio n  w i l l  be t r a n s m it te d  from th e  f i r s t  2 .2  ym 
o f  th e  specim en . I t  i s  th e r e f o r e  d e s i r a b le  to  tu rn  th e  specim en th ro u g h
180° and ta k e  a  second topog raph  to  o b ta in  a com plete p i c tu r e  o f  th e
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d is lo c a t io n  s t r u c t u r e  w ith in  a specim en . T h is c r i t e r i o n  i s  e s s e n t i a l  
to  d e te rm in e  th e  B u rg ers  v e c to r s  o f  d i s lo c a t io n s .
E le c tro n  m icroscopy o f  s o l i d  e t h y l  a lc o h o l a t  v a r io u s  te m p e ra tu re s  
would p ro v id e  a d d i t io n a l  in fo rm a tio n . In  o rd e r  to  d e te rm in e  u nanb iguously  
th e  s t r u c t u r e  o f  s o l id  e th y l  a lc o h o l i t  would be n e c e s s a ry  to  undetake 
F o u r ie r  a n a ly s i s  o f  X -ray d a ta  ( e .g .  B a r r e t t  1952).
APPENDIX I
The t a b le s  o f  th e  i n t e r p l a n a r  sp a c in g  f o r  th e  m ercury l a t t i c e  
p u b lis h e d  by Bacon ( i n  C ry s ta l lo g ra p h ic  A ngles fo r  M ercury, B ism uth , 
Antimony and A rse n ic  1965, p . 265) was found to  be in  e r r o r .  The 
r e c ip r o c a l  o f  th e  v a lu e s  l i s t e d  u n d er D f o r  m ercury sh o u ld  be
o
ta k e n  and m u l t ip l ie d  by th e  l a t t i c e  p a ra m e te r  ( a  = 4 .5785 A) to  g iv e  
th e  c o r r e c t  v a lu e s  o f  th e  in t e r p la n a r  s p a c in g s .
The c o r r e c t  v a lu e s  o f  th e  in t e r p l a n a r  sp a c in g s  a r e  g iven  in  
T able 2 .1 .
The E le c tro n  M icroscope C o n stan t XL
T his v a lu e  was c a lc u la te d  by ta k in g  d i f f r a c t i o n  r in g s  o f  T h a llo u s  
C h lo r id e ,  which has s im p le  cu b ic  s t r u c t u r e .  T h e re fo re  th e  f i r s t ,  
seco n d , t h i r d  and fo u r th  r in g s  m ust co rresp o n d  to  th e  ( 100) ,  ( 110) ,  
(111) and (200) p la n e s  r e s p e c t iv e ly .  T h a llo u s  C h lo rid e  l a t t i c e  p a r a ­
m ete r ( a )  i s  e q u a l t o  3.8427 A .
We have f o r  s im p le  cu b ic  s t r u c t u r e s  -
*L -  fh 2* A2) 2
^ a 2 '
where (hk&) a re  th e  M ille r  in d ic e s  
d i n t e r p la n a r  sp a c in g  
a l a t t i c e  p a ram e te r
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For (100) p lane
d 3. 8*4-27
d = 3 .8427 A
D i s  m easured t o  be 1 .2  cm, from th e  r e l a t i o n  
D =D d
XL
XL r  1 ,2  X 3 *8427 x
2
XL = 2 .3055 cm A 
For th e  (110) p la n e  w hich i s  r e p re s e n te d  by th e  second  r in g .
1 1 .414
d 3.8427
d = 2.7176 A
D = 1 .7  cm (m easured)
, r _ 2.7176 x 1 .7A •  T r — i
o
XL = 2 .3099 cm A
For th e  (111) p la n e  w hich i s  r e p re s e n te d  by th e  t h i r d  r i n g  -
1 _ 1 .732 
d " 3 .8427
d = 2 .2186 A
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D = 2 . 0 8  cm (measured)
XL -  2 .0 8  x 2.2186
XL = 2 .3073 cm &
For th e  (200) p la n e  w hich i s  r e p re s e n te d  by th e  fo u r th  r in g
1 _ 2
d 3.8427
d = 1.9212 A
D = 2 .4 0  cm (m easured) 
, T 2 .4 0  x 1.9212Aij -  -----------------------
XL = 2.3056 cm A
_ 2.3055 + 2.3099 + 2 .3 0 7 3 + 2 . 3056
14
av e .
XL = 2.3070 cm A 
ave .
The R e c ip ro c a l L a t t i c e  P ro je c t io n
The in d e x in g  o f  s p o ts  on p h o to g ra p h ic  p la te s  i s  n e a r ly  alw ays done 
by methods b ased  on th e  r e c ip r o c a l  l a t t i c e .  The r e c ip r o c a l  l a t t i c e  i s  
th e  b e s t  b a s i s  f o r  th e  a n a ly s is  o f  e l e c t r o n  d i f f r a c t i o n  p a t t e r n s .  I t  
p ro v id e s  an easy  v i s u a l i z a t io n  o f  th e  o r i e n t a t i o n  and r e f l e c t i n g  power 
o f  l a t t i c e  p la n e s  in  a c r y s t a l  and a t  th e  same tim e shows th e  sp a c in g s  
o f  th e s e  p la n e s .
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The r e c ip r o c a l  l a t t i c e  i s  a l a t t i c e  o f  p o in ts  each  o f  which 
r e p r e s e n ts  a  r e f l e c t i n g  p la n e  in  th e  c r y s t a l  and each  o f  w hich i s  g iven  
th e  same in d ic e s  a s  th e  c o rre sp o n d in g  r e f l e c t i n g  p la n e . On th e  l a t t i c e  
a re  r e p re s e n te d  n o t  o n ly  th e  t r u e  a tom ic p la n e s  w ith  M il le r  in d ic e s  such 
as (hkit) b u t a l s o  th e  f i c t i t i o u s  p la n e s  w ith  s p a c in g  t h a t  a re  su b ­
m u lt ip le s  o f  th e s e  w hich g iv e  th e  r e f l e c t i o n s  in  h ig h e r  o rd e r  w ith  th e
in d ic e s  t h a t  a re  m u l t ip le s  o f  th e  M il le r  in d ic e s .
Each r e c ip r o c a l  l a t t i c e  p o in t  i s  lo c a te d  on a  l i n e  th ro u g h  th e  
o r ig in  p e rp e n d ic u la r  to  th e  co rre sp o n d in g  p la n e s  o f  th e  c r y s t a l  and a t  
a  d is ta n c e  from th e  o r ig in  e q u a l to  th e  r e c ip r o c a l  o f  th e  c r y s t a l  p la n e  
sp a c in g .
To c o n s tru c t  th e  r e c ip r o c a l  l a t t i c e  s e c t io n s  f o r  th e  p la n e s  
w hich r e p r e s e n t  th e  c l o s e s t  packed p la n e s  in  m ercury th e  fo llo w in g  
p ro ced u re  was ad o p ted :
1) F in d in g  th e  d i r e c t io n  p e rp e n d ic u la r  to  th e  p l a n e .
2) F in d in g  th e  d i r e c t io n s  which make 90° w ith  th e  p e rp e n d ic u la r  to  th e
(111) p la n e  and have low M il le r  in d i c e s .
3) F in d in g  th e  a n g le s  w hich th e s e  d i r e c t io n s  make w ith  each  o th e r .
4) F in d in g  th e  p la n e s  w hich a re  norm al to  th e  above d i r e c t i o n .
5) F in d in g  th e  d is ta n c e s  ( l a t t i c e  sp a c in g )  f o r  each  p la n e .
For th e  (111) p la n e
The d i r e c t io n  ap p ro x im ate ly  p e rp e n d ic u la r  to  th e  (111) p la n e  i s  th e  
[233] d i r e c t io n .
-  113 -
The d i r e c t io n s  t h a t  make a r i g h t  an g le  w ith  th e  p e rp e n d ic u la r  to  
th e  ( 111) p la n e  a re
[ O i l ] ,[2 1 1 ] ,[ 2 3 1 ] ,[ 1 0 1 ] ,[ 2 1 3 ] ,[ 3 2 1 ]  and [3 1 2 ].
The p la n e s  w hich co rresp o n d  to  th e s e  d i r e c t io n s  a re  c a lc u la te d  
from  th e  r e l a t i o n
[u v w] (hk£) = 0
where [u v w] The M il le r  in d ic e s  f o r  d i r e c t io n s .
For th e  [233] d i r e c t io n  we have
-  2h + 3k + 3£ = 0 (1 )
U sing th e  above e q u a tio n  to  deduce th e  p la n e s  t h a t  c o rre sp o n d  to  th e  
o th e r  d i r e c t io n s .
For th e  [O il]  d i r e c t io n
[u v w] (hk£) = 0
0 + k -  £ = 0
From (1 ) we h a v e :-
2h + 3k + 31 = 0
0 + k ■ H :  0 ; k = £
-  2h + 6k = 0 
2h = 6k
h = 3k
-  i m  -
' i f  k = 1 ; I  = 1 
h = 3
hk£ = (311)
The same p ro ced u re  was used  in  d e te rm in in g  th e  o th e r  r e f l e c t i n g  
p la n e s  and t h e i r  r e l a t i v e  d i r e c t i o n s .
The a n g le s  betw een th e s e  d i r e c t io n s  a r e  found w ith  r e s p e c t  to  one o f
them^ e .g .  (O il)  d i r e c t io n  i s  drawn and th e n  th e  a n g le s  o f  th e  o th e r
d i r e c t io n s  a re  found w ith  r e s p e c t  to  t h i s  d i r e c t i o n .  Then th e  r e c ip r o c a l
l a t t i c e  p o in t  sh o u ld  make a  r i g h t  an g le  w ith  th e s e  d i r e c t io n s  so  a
p e rp e n d ic u la r  to  each  o f  th e s e  d i r e c t io n s  i s  drawn in  o rd e r  to  s p e c ify
th e  a n g l e s 'o f  th e  d i f f r a c t i o n  p a t t e r n .  The d is ta n c e s  (d )  a re  found
2XLfrom ( t a b l e  2 . 1) and a p p ly in g  th e  r e l a t i o n  D = — , D i s  found f o r  each  
r e f l e c t i o n  and p lo t t e d  on th e  p r o je c t io n .
The same p ro ced u re  i s  re p e a te d  f o r  th e  o th e r  p la n e s  i . e .  (1 1 0 ) ,
( 1 1 1 )  e t c .
APPENDIX I I
D eterm in ing  th e  o r i e n t a t i o n  o f  a  f o i l  was done w ith o u t u s in g  th e
camera c o n s ta n t  to  con firm  th e  method e x p la in e d  in  A ppendix I .  By
c o n s id e r in g  th re e  r e f l e c t i o n s  in  a d i f f r a c t i o n  p a t t e r n  p l a t e ,  s in c e  th e
d is ta n c e  from th e  c e n tr e  to  each  o f  th e s e  r e f l e c t i o n  w i l l  r e p r e s e n t  th e
r e c ip r o c a l  o f  th e  in t e r p la n a r  sp a c in g s  o f  th e  r e f l e c t i n g  p la n e s  g iv in g
1
r i s e  to  th e s e  and s in c e  d i s  in v e r s e ly  p r o p o r t io n a l  to  (h 2+ k2+ &2)2 f o r  
d i f f e r e n t  p la n e s ,  i t  was p o s s ib le  to  a s s ig n  t e n t a t i v e l y  th e  form o f  th e  
M il le r  in d ic e s  to  th e  s p o ts .  From th e  d i f f r a c t i o n  p a t t e r n s ,  th e  d is ta n c e  
o f  each r e f l e c t i n g  s p o t to  th e  c e n tr e  s p o t  i s  found ; ta k in g  th e  r a t i o  o f  
th e s e  d is ta n c e s  and com paring i t  t o  th e  r a t i o  betw een th e  v a r io u s  i n t e r ­
p la n a r  sp a c in g s  th e  s p o ts  can be in d ex ed  unam biguously.
The accom panying t a b le  g iv e s  th e  r a t i o  o f  th e  i n t e r p l a n a r  s p a c in g  
from a  range  o f  3 to  3.
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APPENDIX I I I
T ran sfo rm a tio n  from F a c e -c e n tre d  Rhombohedral 
to  P r im it iv e  Rhombohedral S tru c tu re
We r e p r e s e n t  p la n e s  and d i r e c t io n s  by row m a tr ic e s  and column 
m a tr ic e s  r e s p e c t iv e ly .
The m a tr ic e s  r e p r e s e n t in g  th e  tra n s fo rm a tio n s  o f  in d ic e s  from 
fa c e -c e n tr e d  rhom bohedral to  p r im i t iv e  rhom bohedral f o r  d i r e c t io n s  and 
p la n e s  a re
r 1 1 1 ' r 0 1 1 '
1 1 1 and 1 0  1 r e s p e c t iv e ly
k 1 1 1 1 1 0  \  J
For exam ple5 th e  d i r e c t io n  [012] in  th e  f a c e -c e n tr e d  s t r u c t u r e  
becomes th e  [311] d i r e c t io n  in  th e  p r im i t iv e  s t r u c t u r e  s in c e
f 1 1 1
1 1 1
1 1 1
r 0 ’
/  \
3
1 = 1
J . 2 . , i  .
and th e  p la n e  (012) becomes th e  (321) p la n e  s in c e
(012) 0 1 1
1 0 1
1 1 0
= (321)
1
APPENDIX IV
An au to m a tic  m ic ro d e n s ito m e te r  was used  to  r e c o rd  t r a c e s  from th e
e le c t r o n  d i f f r a c t i o n  p a t t e r n s ,  o b ta in e d  from s o l id  e t h y l  a lc o h o l ,  th e re b y
a llo w in g  th e  p o s i t io n  o f  th e  d i f f r a c t e d  l i n e s  to  be m easured w ith  a
p r e c i s io n  o f  5 x 10“ 3mm. V alues f o r  th e  d sp ac in g s  o b ta in e d  from th e
l in e  sequence in  f i g .  3 .3 1 a  a re  g iven  in  t a b le  I  below . The sequence
in d ic a te d  th a t  e th y l  a lc o h o l a t  113 K h as  a  f a c e -c e n tr e d  c u b ic  s t r u c t u r e .
A v a lu e  fo r  th e  l a t t i c e  p a ra m e te r  o f  3*29 ± 0 .02  A was d e r iv e d  from th e
l i n e a r  e x t r a p o la t io n  o f  th e  l a t t i c e  c o n s ta n t  d a ta ;  ”a tJ th e  l a t t i c e  p a r a -
co s20 co s20m eter was p l o t t e d  a g a in s t s in  0 T 0 where 0 i s  th e  Bragg a n g le .
T his fu n c tio n  i s  r e f e r r e d  to  as  R ile y  N elson T ay lo r S i n c l a i r  fu n c tio n  
(M irk in  1964).
T able I I  i s  a summary o f  th e  d i f f e r e n t  s t r u c t u r e s  o f  m ercury 
o x id e s .
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r(mm) (h 2+ k 2+ &2 ) d(A) a(A)
12.2 3 1.893 3.28
13.6 4 1.699 3,39
19 .8 8 1 .167 3.30
23.2 11 0.996 3.30
25 .2 12 0 .917 3.18
2 8 .1 16 0.822 3.29
31 .4 19 0.736 3 .21
34.0 20 0.679 3.04
36 .1 24 0 .640
...........
3 .14
......
TABLE I  ( r )  = th e  r a d iu s  o f  a  d i f f r a c t i o n
r in g .
ox ide S tru c tu r e a b c
o o
HgO H exagonal 3 .577 A 8 .681 A.
Ng0(y e llo w ) O rthorhom bic 6 .608  & 5.578 3.519 X
a  Hg 0
2
Khombohedral 4 .7 4  A - -
6 Hg 0
2
O rthorhom bic
\
6 .080  A 6.010 K
oo00.•3- K
l
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